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An abundant Paddlefish Polyodon spathula population exists in a 0.8 ha pool
below a water control structure at Sam D. Hamilton Noxubee National Wildlife Refuge,
Mississippi. Managers were concerned that regulated flows from the structure were
causing an ecological trap if Paddlefish were being attracted from the larger river
downstream during the spawning period, but conditions were not suitable to facilitate
reproduction. Between February 2016 to April 2018, 117 Paddlefish were identified and
daily abundance was estimated between 18 and 75 fish. Telemetry study of 59 fish
suggests a mixed population structure where some remain in the pool year-round and
other emigrate seasonally, cued by rising spring discharge and water temperature.
Reproduction was not documented which suggests a critical component needed for
spawning may be missing, at least during this study. Therefore, given the need to remove
Paddlefish from the pool, translocation and flow releases may be effective management
strategies.
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CHAPTER I
EVALUATING POPULATION DYNAMICS AND SPATIO-TEMPORAL
MOVEMENT PATTERNS OF PADDLEFISH BELOW THE
BLUFF LAKE WATER CONTROL STRUCTURE
Introduction
North American Paddlefish Polyodon spathula are large riverine planktivores and
among the most highly migratory and primitive freshwater fish species found in the Gulf
of Mexico tributaries. However, details regarding movement, spawning requirements,
and early life history characteristics are not well understood throughout their distribution.
Paddlefish are capable of migrating hundreds of kilometers in search of spawning
habitats coinciding with a combination of environmental variables including discharge,
water temperature, substrate, and photoperiod (Purkett 1961; Russell 1986; Lein and
DeVries 1998; Paukert and Fisher 2001; Stancill et al. 2002; Firehammer and
Scarnecchia 2006). Spring migratory movements are associated with rising spring
discharges and temperature (Purkett 1961; Lein and DeVries 1998; Paukert and Fisher
2001); however, dams may block fish passage and obstruct migratory corridors,
potentially suppressing migratory cues by altering natural flow regimes (Moen et al.
1992; Firehammer and Scarnecchia 2007). A mismatch of spawning cues may prevent
migratory movements and inhibit spawning.
Paddlefish are distributed throughout large river systems. Their range extends
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from the Missouri and Yellowstone Rivers and the Ohio and Allegheny Rivers.
Paddlefish are documented throughout the Mississippi River and Mobile River stream
network (Jennings and Zigler 2009). In Mississippi, the distribution of Paddlefish extends
from the Noxubee River system and Tennessee-Tombigbee Waterway (TTW) in the east,
to the Mississippi River system in the west, and the Pearl and Pascagoula River systems
in the Gulf of Mexico (Ross 2002).
The status of Paddlefish in the Mobile Basin has undergone several reclassifications but is now believed to be sustainable in most rivers, yet information is
lacking for the TTW and associated tributaries. Paddlefish once supported a commercial
fishery in Alabama; however, population declines led to a statewide harvest moratorium
in 1989 and their listing as a protected species by Alabama’s Wildlife and Freshwater
Fisheries Division (Gengerke 1986; Mettee et al. 2004; Bettoli et al. 2009). Currently,
populations throughout the United States, and specifically in the Mobile Basin, are
believed to be stable or increasing (Bettoli et al. 2009). They were believed to be locally
abundant before the construction of the Tennessee-Tombigbee Waterway (TTW)
(O’Keefe 2006), which reduced the amount of spawning habitat available in the mainstem of the upper Tombigbee River (Boshung 1989). O’Keefe et al. (2007) documented
reproduction in the Noxubee River, a tributary of the Tombigbee River, but little is
understood about microhabitat suitability and use. O’Keefe (2006) reported that the
Noxubee River may be an important juvenile nursery area due to the integrity of the
floodplain, but likely cannot support large numbers of adults year-round. It is suspected
that Paddlefish spend most of the year in the TTW and migrate upstream from Demopolis
Lake, Alabama, to Sam D. Hamilton Noxubee National Wildlife Refuge, hereafter
2

Noxubee NWR (O’Keefe and Jackson 2009).
Aggregations of Paddlefish have been shown to occupy habitats present
throughout the Noxubee NWR, yet their seasonal use is unknown. Paddlefish have been
captured below the Bluff Lake water control structure (WCS) by O’Keefe (2006),
Aboagye and Allen (2012), and a pilot study conducted in spring 2015 (M. Colvin,
personal communication). Spring time conditions below the WCS consist of deep water,
high flows, and high dissolved oxygen levels, which may be favorable for reproductively
mature Paddlefish in the late winter to spring months (Aboagye and Allen 2012).
Aboagye and Allen (2012) captured 34 Paddlefish over three sampling events, many of
which were stocked by O’Keefe and Jackson in 2004 as identified by external tags.
Hypotheses about the source of unmarked fish included migration into the system from
Demopolis Lake, past natural spawning within the Noxubee system, and failure to detect
marks from previously stocked fish (i.e., tag loss) (Aboagye and Allen 2012).
Migratory behavior among Paddlefish may vary at the individual or population
level. Site fidelity and natal homing tendencies have been suggested to affect seasonal
locations of Paddlefish (Firehammer and Scarnechia 2007). O’Keefe (2006) and O’Keefe
and Jackson (2009) translocated radio-tagged Paddlefish to Demopolis Lake between
2003 and 2005 and found one individual caught below the Bluff Lake WCS returned the
following year despite low stages. Another radio-tagged fish was released below the
WCS in 2004 and remained there year-round.
A presumably high abundance of reproductively mature Paddlefish below the
WCS may be the result of water level manipulations by Noxubee NWR, U.S. Fish and
Wildlife Service (USFWS), which simulate natural spring flow regimes (Purkett 1961;
3

Lein and DeVries 1998; Paukert and Fisher 2001). Adult Paddlefish use the Noxubee
River for spawning as shown by successful reproduction (O’Keefe et al. 2007). It is
postulated these fish move up the Noxubee River and its tributaries from Demopolis
Lake, Alabama, and aggregate in the pool below the WCS because of rising spring
discharges due to Bluff Lake water level fluctuations. Alternatively, Paddlefish could be
present due to site fidelity or natal homing tendencies resulting from previous stocking
efforts. Site fidelity is supported by O’Keefe (2006), where one Paddlefish remained in
the pool year-round, and another returned after being translocated to a downstream area.
In moderate to low flow years, fidelity may be as important as discharge in determining
seasonal locations of Paddlefish (Firehammer and Scarnecchia 2007). If a segment of the
Paddlefish population remains below the WCS year-round while others emigrate
seasonally, the population may be a mixture of migratory and resident individuals. These
population characteristics may lead to a mixed population structure where residents
remain regardless of environmental conditions and migrants move into and out of the
pool, cued by environmental conditions. Therefore, management actions depend on
understanding the population type. For example, if the population is dominated by
resident fish then flow releases to promote movement are likely to be unsuccessful. The
objectives of this study were to (i) quantify abundance and population type for Paddlefish
captured downstream of the Noxubee NWR Bluff Lake WCS within the Noxubee River
system, (ii) evaluate spatiotemporal movement extent and patterns of adult Paddlefish
captured below the Bluff Lake WCS, and (iii) quantify passage conditions for Paddlefish
along Oktoc Creek.
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Study Area
Noxubee NWR, Brooksville, Mississippi, was established June 14, 1940, and is
located in three counties in east-central Mississippi (Noxubee, Oktibbeha, and Winston).
Noxubee NWR spans 19,514 hectares. Approximately 17,200 hectares of the refuge are
dominated by bottomland and upland forests which support wildlife populations and are
home to a variety of species, including the endangered red-cockaded woodpecker
Leuconotopicus borealis. Noxubee NWR contains two major impoundments, Bluff Lake
(486 hectares) and Loakfoma Lake (243 hectares), as well as 16 other small
impoundments.
Noxubee NWR is located within the Noxubee River Watershed and contains
several miles of the main-stem Noxubee River and several tributaries (Figure 1.1). The
Noxubee River originates within the Tombigbee National Forest and the Noxubee NWR,
extending approximately 160 km (121 km in Mississippi and 40 km in Alabama) to
Gainesville, Alabama, where it joins the Tombigbee River (Hubbard 1987; Calloway
2010). Bedrock, sand, and mud dominate the substrate material of the Noxubee River
(Hubbard 1987). Calloway (2010) also documented large quantities of wood debris along
the mainstem and tributaries. The water is highly turbid throughout the river except for
the upper reaches of the main-stem Noxubee River. During winter and spring months, it
is not uncommon for the river to overtop its banks and extend into the floodplain
(Calloway 2010). The hydrologic regime of the Noxubee River has undergone few
anthropogenic alterations, except the impoundments formed by Bluff and Loakfoma
Lakes on tributary streams (Calloway 2010). The WCS maintains Bluff Lake water level
and outflow, which are managed to achieve refuge objectives.
5

The Comprehensive Conservation Plan for Noxubee NWR highlights specific
objectives regarding Paddlefish management throughout the refuge. Objective A.7.3
states to “support existing populations of paddlefish by manipulating water flow from the
lakes during the key spring spawning migration periods of February 15 to May 1.” To
meet those objectives, the refuge proposes to protect Paddlefish from illegal harvest and
increase water levels along Oktoc Creek by releasing water from the Bluff Lake WCS at
a discharge rate of 11.3 cubic meters per second of water for at least one eight-hour
period per week (U.S. Department of the Interior 2014). The WCS has seven bays, five of
which are fitted with radial arm gates and two with fixed-height stage boards. Water
released over the spillway flows into a 0.8-hectare pool, which supports a population of
Paddlefish, and joins Oktoc Creek, a tributary of the Noxubee River. The Noxubee River
enters the Tennessee-Tombigbee Waterway near Demopolis, Alabama.
The Tombigbee River is a tributary of the Mobile River and originates in the
northeastern corner of Mississippi. Construction of the Tennessee-Tombigbee Waterway
(TTW) was authorized in 1946; construction began in 1972 and was completed in 1985
(McClure 1985). The TTW connected the Tennessee River to the junction of the Black
Warrior-Tombigbee River System near Demopolis, Alabama, and created a consistently
navigable channel for which exports could be transported to the Gulf of Mexico (U.S.
Army Corps of Engineers 2013). Demopolis Lake, Alabama is one of 10 major
impoundments of the TTW. It is a 1,356-hectare (ha) impoundment of the TTW and
extends 162.5 km (77.2 km along the Black Warrior River and 85.3 km along the
Tombigbee River). It is located in Marengo County, Alabama and is downstream of
Gainesville Lake, Alabama (2,590 ha; 64 km), which was impounded by Howell Heflin
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Lock and Dam. Paddlefish sampling has been on-going in and around the Demopolis
Lake region by the Alabama Game Fish Division. Fish tagged in this area can move
upstream into the Noxubee River Watershed (O’Keefe et al. 2007).
Methods
Quantifying Abundance and Evaluating Population Type
Gill Net Sampling Below the Bluff Lake WCS
I captured Paddlefish in the pool below the Bluff Lake WCS using gill nets from
2016 to 2018. Sampling occurred approximately weekly during winter and spring from
February 2016 through April 2018 unless I was constrained by personnel availability,
weather, and flow conditions. In such circumstances, alternate dates were chosen if
possible. Weekly sampling was not attempted during warm summer months (July and
August 2016, July through mid-October 2017); however, I sampled monthly from
September through December 2016, and October through November 2017. The gill nets I
used were 30.5 m long, 3.7 m deep, hobbled to 2.4 m, and fitted with a 12.7 mm diameter
braided poly foam core float line and a 6.35 mm lead core line (Memphis Net & Twine
Company Inc. Memphis, TN). Nets were hung with 127.0- or 152.4-mm bar-mesh
multifilament webbing. These nets were fixed to the shore using a 2-m extensor line
connected to the float line and the lead line was weighed using a half-cinder block. Nets
were stretched across the pool and fished from the surface down using six or seven evenly
spaced floats, or weighted to the substrate (Figure 1.2). Soak time varied between 5 and
124 minutes (mean= 40.4 minutes).
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Individual Identification of Captured Paddlefish
Marked fish were necessary to evaluate movement and population dynamics
throughout the Noxubee Watershed, therefore, I tagged each individual captured.
Captured Paddlefish were brought to the shore for processing. Previous Paddlefish
sampling efforts were conducted in this waterbody prior to the start of my study, and
some previously captured individuals were marked using floy T-Bar anchor tags,
spaghetti loop tags, or passive integrate transponder (PIT) tags. Therefore, I visually
inspected each fish for the presence of external marks and scanned for the presence of a
PIT tag. PIT tags are a radio-frequency identification tag (RFID) that provide a unique
12-digit numeric code allowing for differentiation between individuals. If no PIT tag was
detected, I implanted a PIT tag (12.5 mm, 134.2 kHZ) using a plastic syringe style
implanter with 3.175-centimeter (cm) needle (Biomark, INC, Boise, ID) on the fish’s
right side at the base of the dorsal fin. To evaluate PIT tag retention, all Paddlefish
captured after October 21, 2016 were also implanted with a floy T-Bar anchor tag (floy
tag). Floy tags were inserted on the left side, opposite the PIT tag, at the base of the
dorsal fin, using a Mark III regular pistol grip implanting gun (Floy Tag, Seattle, WA).

Abundance Estimation
Paddlefish population abundance in the pool below the Bluff Lake WCS was
estimated using an integrated population model (IPM) which simultaneously estimates
the closed-population abundance for mark-recapture data while fitting the model to
estimate the true population abundance over time, where the population is assumed to be
demographically open. Abundance estimates for a given sampling day were generated
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under the assumption that the population is demographically closed (i.e., no emigration,
immigration, no recruitment, and constant survival). This modelling framework operates
by linking the changes in population size and population dynamic rates while accounting
for sources of uncertainty due to process variability and the sampling process (Schaub
and Abadi 2010). The population dynamics over time were modeled as
Nt+1= Nt + Additions – Losses

(1.1)

where Nt+1 represents the population abundance at t+1, Nt is the estimate of the number of
fish in the pool, and additions and losses, which represent recruitment and percentage of
fish subject to emigration and mortality, are log- and logit-linear processes, respectively,
where X1 and Xz are vectors of predictor variables, β0 is the intercept, β1 and β2 are model
coefficients. Predictor variables for additions and losses were temperature (°C) and
Noxubee River stage (m) recorded at Macon, MS (USGS). The gauge at Macon was used
due to a significant gap in stage data for Oktoc Creek in 2017 caused by sensor failure.
Abundance (N̂) was estimated for each sampling date using standard closed
population estimators (Otis 1978). Secondary occasions represent the number of gill net
sets with each sampling date. Capture probabilities from capture-recapture data were
estimated by PIT tag captures and acoustic captures. For acoustically tagged fish, I
estimated conditional capture probabilities, which are informed by Paddlefish known to
be available for capture based on acoustic detections in the pool, and what is caught
during gill net sampling (Guy et al. 2009; Steffensen et al. 2015). I calculated the
probability of no catch using the capture probabilities for each gill net set within a day as
Pr(No) = (1- p1)(1- p2)…(1- pn)

(1.2)

where Pr(No) is the probability of not catching any Paddlefish within a given sampling
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date, p represents the capture probability for each gill net set within a day, and n is the
respective gill net set. The probability of no catch is needed to determine the probably of
catch
Pr(Yes) =1- Pr(No)

(1.3)

which is needed to estimate abundance assuming a binomial process as
Catcht ~binomial(1- Pr(No), N̂t)

(1.4)

where Catcht is the number of Paddlefish captured on a given sampling date and Pr(No) is
the probability of a Paddlefish not being captured on a given sampling date. Therefore,
(1- Pr(No)) represents the probability of capturing fish on a given day which accounts for
multiple gill net sets and variable effort. The true daily population abundance was
estimated by fitting the equation above to catch data using Markov Chain Monte Carlo
sampling similar to the approach used by Duarte et al (2017).

Evaluating Spatiotemporal Movement Patterns Throughout Noxubee NWR
Determining Morphological Variation in Paddlefish Size
Paddlefish body size and morphology can vary markedly as a result of sex, age,
season, latitudinal stock, or injury (Jennings and Ziger 2009). Therefore, I quantified
length to the nearest millimeter (mm): total length (TL), rostrum-to-fork length (RFL),
and eye-to-fork length (EFL). TL is recorded from the tip of the rostrum to the longest
lobe of the caudal fin. RFL is recorded from the tip of the rostrum to the fork of the
caudal fin. EFL length is taken from the center of the orbit to the fork of the caudal fin
(Ruelle and Hudson 1977). Large body size may be limiting to Paddlefish passage in
shallow water therefore, I recorded a girth measurement as the length around the widest
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portion of the abdomen to the nearest mm. I then weighed individuals using a fish cradle
constructed from a mesh stretcher and rope. Each Paddlefish was suspended from a
hanging scale and weight was recorded to the nearest kilogram (kg) less cradle weight.

Sex Determination
Male and female movement can vary; therefore, accurate sex determination was
necessary for understanding migration patterns and sex ratios. In the spring, male and
female Paddlefish sex differentiation can often be visually assessed using external
characteristics. Females tend to be larger than males (Firehammer and Scarnecchia 2006).
Gravid females will develop distended abdomens and males develop spawning tubercles
(Stockard 1907). However, external characteristics can result in imperfect sex
determination. From the start of study to January 5, 2018, I determined Paddlefish sex
using only external characteristics except when circumstances permitted the collection of
eggs during acoustic transmitter implantation. Then, following standard methods
employed by commercial anglers (B. Richardson, Mississippi State University, personal
communication), I performed an abdominal biopsy, using a marinade injector with a
ported 12-guage needle, to collect ovarian tissue and eggs. I inserted the needle through
the peritoneum, to the right of the mid-column on the fish’s ventral surface. If eggs were
collected during the first through third pulls, or suctions achieved by extending the
plunger outwards, I preserved the sample in 10% buffered formalin and archived eggs for
future use (See Appendix E. If no eggs were collected, I concluded it was a male unless
body size suggested the individual was a juvenile for which sex could not be confirmed.
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Acoustic Telemetry
Acoustic telemetry is used for passive and active tracking of fish, and often
requires transmitters to be surgically implanted. Invasive surgical procedures, such as
those used for acoustic telemetry, require sedation for transmitter implantation. I
surgically implanted an acoustic tag into a subset of captured Paddlefish caught below the
Bluff Lake WCS. I used tricaine methanesulfonate (MS-222) buffered with an equal
weight of sodium bicarbonate (Summerfelt and Smith 1990) to achieve Stage III
anesthesia. Fish were considered immobile when they lost equilibrium and opercular
movement ceased (Iwama et al. 1989). I recorded the time anesthesia was initialized and
the onset of Stage III anesthesia began. I then transported anesthetized fish to a dorsal
recumbency platform in source water, ensuring the gills were submerged below the
water’s surface for the entirety of surgical procedures. All surgical tools were sterilized
(scalpel, allis forceps, curved forceps, and scissors) in a disinfectant solution (MetriCide,
Metrex Research, LLC, Orange, CA, or ethanol) and rinsed with de-ionized water prior to
surgery. I made a 25-mm incision through the peritoneum into the abdominal cavity to
implant acoustic tags.
Acoustic tags were necessary to facilitate passive and active monitoring of
movement throughout the Noxubee Watershed. Vemco V16 tags are 16 mm in diameter,
54 mm long, and weigh approximately 8.1 g in water. The power output ranges between
150 to 162 decibels re 1µPa at 1 m and are estimated to last 3,650 days (10 years)
(Vemco, Bedford, Nova Scotia, Canada). Lotek tags were also used and are similar in
size and weight to Vemco V16 tags (Lotek Wireless Inc., Newmarket, Ontario, Canada).
In some cases, eggs were collected from incision sites verifying sex as female. I used
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Ethicon C-2 taper, 0-0 sutures (Ethicon US, LLC, Cincinnati, OH) to close the incision
using a simple interrupted suture pattern. I recorded the time in minutes for each fish to
transition into anesthesia, the duration of surgical procedures, and the time to recovery
prior to release. Fish were released upon their return to a pre-anesthetic state (i.e.,
opercular movement was steady, able to maintain equilibrium, and swimming function
were regained), at which time they were able to swim away freely. The transition into
anesthesia ranged from 2 to 12 minutes, the duration of surgical procedures ranged from
3 to 8 minutes, and fish were recovered from 1 to 45 minutes.
To evaluate spatial and temporal movement patterns of adult Paddlefish within
the Noxubee watershed, I placed Vemco VR2W-69 kHz (VR2W) receivers (Vemco,
Bedford, Nova Scotia, Canada) at river-tributary junctions and confluences both on the
Noxubee NWR property and throughout the Noxubee River Watershed (Table 1.1)
(Figure 1.3). These are passive acoustic monitoring systems that log and decode coded
transmitters operating at a 69-kHz frequency when a tag is close enough to detect. I fixed
acoustic receivers near the substrate using constructed concrete blocks with upright
expanded steel or reinforced bar (rebar) posts to ensure the hydrophone points towards
the surface. It is imperative that the receiver’s hydrophone remain unblocked from
obstructions to achieve the best horizontal detection range. A Vemco test tag was used to
ensure each receiver was operational prior to deployment; however, I did not perform a
formal range test to examine detectability distance. The initial acoustic array, consisting
of seven receivers, was deployed from January through May 2016 and five additional
receivers were added prior to translocating Paddlefish in January 2018.
To evaluate transmitter failure throughout the duration of the study, I verified
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transmitter operation using acoustic detections. Captured fish were inspected for ventral
scarring indicating previous transmitter implantation. For captured Paddlefish, I placed a
VR2W receiver in the live-well to record acoustic detections. As a secondary measure, I
also used a Vemco VR100 acoustic receiver for manual tracking with an omni-directional
hydrophone in the live-well to display detected transmitter numbers which were
compared with VR2W detections. If transmitters were not detected in Paddlefish known
to have previously received an acoustic transmitter, they were assumed to be nonoperational. For acoustically tagged Paddlefish that were not captured during gill net
sampling, transmitter failure was evaluated by comparing the duration of time each fish
was detected in the pool with detections on downstream receivers in the array, which
would indicate emigration. If transmitters were not detected by the receiver array or in
the pool, I assigned the date of assumed failure as the date of last detection.

Environmental Covariates
Paddlefish movement is potentially temperature and stage dependent. I measured
water temperature using HOBO Pendant Temperature/Light 64K Data Loggers (Onset
Computer Corporation, Bourne, MA) fixed to each concrete block used to mount acoustic
receivers (Table 1.1) (Figure 1.3). Loggers recorded temperature (°C) at 15-minute
intervals. In winter and early spring months, the Noxubee River and tributaries frequently
extend into the floodplain due to frequent precipitation events (Calloway 2010). Water
stage was used to gauge the amount of water flowing in the stream at a given time. I
quantified water level, or stage, as the height of water in the stream, using HOBO U20
Water Level Loggers, which convert absolute pressure to water level accounting for
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atmospheric pressure and water head. Loggers were set to record at 15-minute intervals
beginning on the nearest hour after launching.

Predicting Temporal Movement Patterns of Paddlefish
I built a set of 35 generalized linear models (GLMs) assuming a binomial
distribution to analyze movement as a function of the number of Paddlefish present
below the WCS and two environmental covariates hypothesized to cue movement in
Paddlefish. The daily number of fish remaining in the pool were considered failures and
the number of fish that left the pool was considered successes. Models were formulated
to reflect the biological hypothesis that temperature, stage, or their interaction affect
emigration from the pool below the Bluff Lake WCS into the larger Noxubee system as
well as a null model. Temperature and stage parameters were evaluated as fixed effects in
the models. Temperature and stage parameters included mean, minimum, and maximum
values within each day in the time series as well as three- and five-day temperature and
stage averages.
I used Akaike’s information criterion with a correction for small-sample size to
evaluate competing models (Burnham and Anderson 2002). I used the cumulative sum of
model weights < 0.95 to assess the strength of the top model, relative to the other models
and selected the top-model based on the lowest AIC score and highest model weight.
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Determining Minimum Water Level for Paddlefish Passage
Site Selection and Cross-section Evaluation
Areas along Oktoc Creek between the WCS and the Noxubee River may be
shallow and therefore impassable by large-bodied Paddlefish during low-flow periods. To
evaluate the potential for longitudinal movement, I randomly selected reaches along the
length of Oktoc Creek which provided sufficient spatial coverage (Table 1.2) (Figure
1.4). Each sample reach was demarcated by measuring 100 m upstream of their
respective GPS coordinates along Oktoc Creek (Table 1.2). Eleven transects were
measured per reach, separated by 10-m, and I recorded a GPS reference point for all
transects measured in 2016 (n=99) and 2017 (n=110). To measure streambed profile, I
stretched a level reference line, marked in 20-cm increments, perpendicular to the
channel and fixed it to the stream bank with metal stakes. I used a stadia rod to measure
two metrics of depth. Level depth was a measurement of the distance between the stream
bottom and the levelled reference line. Wetted depth, or the water depth at the time of
measurement, was recorded as the distance between the stream bottom and the water line
on the stadia rod. For stream segments that were not traversable, such as pools, I recorded
wetted depth as the maximum depth that could be reached.

Determining Minimum Stage for Paddlefish Passage
I plotted measurements of depth and wetted depth to generate bed profile
polygons of every transect within each reach. The depth formed the stream bed contour
and the wetted depth formed the waterline representing the conditions on the respective
date of measurement. The plotted polygons infer the water level requirements to allow
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passage of all Paddlefish present below the Bluff Lake WCS. However, Paddlefish size
can vary due to latitude, sex, season, and genetic strain so I used measurements of girth to
infer passability and predicted girth from EFL for missing values. While I recorded EFL
for all Paddlefish caught below the Bluff Lake WCS, measuring girth did not begin until
November 2016. Therefore, I created a predictive girth model using log-linear regression
relating the log of length to the log of girth to estimate the expected girth value from all
EFL measurements to predict girth for all fish lengths. For each transect profile, a 1-cm
by 1-cm grid was overlaid and each grid cell was used as the centroid for a circle
representing the girth of the largest Paddlefish from my predictive girth model. This
provided a passage proportion through any given point of the stream width depending on
water depth. I based the minimum water depth on the passage proportions for each
transect. Then, I combined all transects to determine the passage proportion at the reach
level and aggregated proportions from all reaches to determine the minimum water depth
necessary to provide passage between the WCS and the Noxubee River.

Results
Quantifying Abundance and Evaluating Population Type
Gill Net Sampling Below the Bluff Lake WCS
Between February 11, 2016 and April 5, 2018, I sampled for Paddlefish on 57
days. I set 398 gill nets in the pool below the Bluff Lake WCS for a combined total effort
of 16,040 minutes fished. Net soak times ranged from five to 124 minutes (mean=40.4
minutes). During this effort, I captured 426 total Paddlefish. Within a day, the number of
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net sets ranged from 2 to 12 and daily catch ranged from 0 to 24 Paddlefish (mean= 7.6
Paddlefish).

Individual Identification of Captured Paddlefish
Using PIT tag numbers, I identified 117 unique Paddlefish in the pool below the
Bluff Lake WCS throughout the duration of my study (Table 1.3). Fifteen fish were
marked with PIT tags prior to the start of my study. Several other marks were the result
of previous sampling efforts by the Department of Wildlife, Fisheries, and Aquaculture,
Mississippi State University (unpublished data) and O’Keefe (2006). Orange and blue
floy tags were recovered and three orange spaghetti tags. Orange tags (i.e., floy and
spaghetti tags) were labeled with Private John Allen National Fish Hatchery contact
information. However, I was unable to determine the previous stocking and tagging
information. These tags are thought to be remnants of previous stocking efforts by
O’Keefe and Jackson (O’Keefe 2006; Aboagye and Allen 2012). Blue floy tags were
implanted by other researchers at Mississippi State University at later dates. Gill net
sampling during summer and fall months suggests some fish are year-round residents in
the pool.

Abundance Estimation
Abundance estimates varied between primary sampling occasions. However,
trends in abundance were similar among years (Figure 1.5). Abundance estimates ranged
from 15 to 75 Paddlefish in the pool. Population abundance estimates appear to peak
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during January, consistent among sampling conducted in 2017 and 2018. In 2016, the
population appeared to be on the descending limb when sampling for my study began.
Abundance estimates were always greater than zero throughout the study.

Determining Morphological Variation in Paddlefish Size
Size and weight varied among individuals (Table 1.4). Seven Paddlefish had short
rostrums, indicative of previous rostrum injuries or deformities, which affected
measurements of total- and rostrum length. Additionally, as recaptures in gill nets fished
within the same day and throughout the duration of the study were common, I observed
many caudal fin deformities as a result of frequent entanglement.

Sex Determination
Based on sex determination using combinations of external characteristics, egg
collection during transmitter implantation, and abdominal biopsies, I calculated a sex
ratio of 1.2:1 for males and females. Sex could not be specified for all captured
Paddlefish including three juveniles; therefore, they were excluded from inclusion in the
ratio. I conducted 104 abdominal biopsies on 60 unique Paddlefish from January 5 to
March 8, 2018. Of those, I collected 21 total egg samples from 16 unique females. For
the remaining individuals, I assumed sex as male with the exception of one juvenile.
Biopsies were performed prior to the assumed spawning period for Paddlefish in the
Noxubee River Watershed (O’Keefe 2006). Additionally, I collected egg samples from
14 females during acoustic transmitter implantation.
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Evaluating Spatiotemporal Movement Patterns Throughout Noxubee NWR
Acoustic Telemetry
Of the 117 unique Paddlefish identified in my study, I surgically implanted
acoustic transmitters into 59 fish for evaluating movement throughout the Noxubee
Watershed between February 11, 2016 and March 23, 2018 (Table 1.5). I detected 16
transmitters that were non-operational, presumably from battery senescence. Four
transmitters, all implanted in females, were not detected in the live-well following
recapture during gill net sampling. Of these, one transmitter was shed in the pool and still
detectable by the acoustic receiver in the pool. The remaining 41 transmitters are
assumed to be operational.
Although many Paddlefish remain below the Bluff Lake WCS year-round (Figure
1.6), I found seasonal use of the pool as indicated by Paddlefish migrations in 2016 and
2017. I detected emigration from the pool below the WCS by two acoustically tagged
Paddlefish in 2016 and seven in 2017 (Table 1.6). In 2016, one Paddlefish moved
downstream from the pool below the WCS where it was last detected at the confluence of
Oktoc Creek and the Noxubee River on April 13, 2016. Another Paddlefish moved down
Oktoc Creek to its confluence with the Noxubee where it was detected on April 15, 2016;
However, this fish returned to the pool after 22 days and was captured during a primary
sampling occasion on May 12, 2016. In 2017, seven Paddlefish were detected at all
receivers in the array along Oktoc Creek and the Noxubee River. One fish moved down
Oktoc Creek on March 11, 2017, while six others moved between April 5 and April 7,
2017 (Table 1.6).
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Movement between Noxubee NWR and Demopolis Lake, Alabama, was
confirmed by detections on my acoustic array and receivers maintained by the Alabama
Division of Freshwater Fisheries. Of the seven confirmed migratory Paddlefish from
2017, four were detected along the TTW above the Demopolis Lake Lock and Dam
(Demopolis L&D) (32.51893, -87.86952). Two fish were detected at my receiver in
Macon between April 4 and 8, 2017 and later detected above the Demopolis L&D, where
they were periodically detected April through August. However, one fish underwent a
return migration by ascending the Noxubee River and returning to the pool, where it was
caught during gill net sampling on February 2, 2018, but its transmitter was not
operational. Both fish that underwent spring migrations in 2016 were detected above
Demopolis L&D. One was detected 392 days later on May 10, 2017 where it remained
throughout the summer, after moving past the extent of my preliminary array in 2016.
The other migrant in 2016 returned to the pool but then migrated out of the Noxubee
River, into the TTW where it was last detected in July 2017.

Predicting Temporal Movement Patterns of Paddlefish
Based on the cumulative sum of model weights < 0.95, only one model was
retained for statistical inference. The model included parameter estimates for three-day
average stage, five-day mean temperature, and their interaction (Table 1.7). This model
predicts when the probability of emigration from the pool below the Bluff Lake is highest
given environmental conditions (Table 1.8) (Figure 1.7). The probability was highest
when water temperature was near 25°C and stage was near 2.0 m.
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Determining Minimum Water Level for Paddlefish Passage
Seasonally shallow water may limit passage for large-bodied fish along Oktoc
Creek. Based on measurements from sampling below the WCS and the predictive girth
model, the largest Paddlefish girth was 69 cm (diameter=22 cm) (Figure 1.8). In 2016, I
measured nine of ten stream reaches along Oktoc Creek between October 28 and
December 13, 2016 and ten reaches between July 11 and 27, 2017 (Table 1.2). The
minimum water depth needed to provide complete connectivity between the pool below
the Bluff Lake WCS and the Noxubee River was based on cross-sectional transects
measured in 2016 (n=99) and 2017 (n=110) that were most limiting to Paddlefish passage
based on a 69 cm. This analysis concluded that a minimum water depth of 27 cm and 26
cm, was needed in 2016 and 2017, respectively, to allow for potential Paddlefish passage
along the entire length of Oktoc Creek (Figure 1.9). A water depth which is 4 or 5 cm
greater than the diameter of a Paddlefish is needed to provide connectivity between the
WCS and the Noxubee River.

Discussion
Quantifying Abundance and Evaluating Population Type
Paddlefish were abundant in the pool below the Bluff Lake WCS. Abundance
varied throughout the year. The change in abundance throughout the year aligns with gill
net catches, reflecting high catch in December and January, and lower catches after
February. Wide confidence intervals surrounding abundance estimates during summer
months are representative of periods I did not sample due to warm temperatures. Peaks in
daily abundance estimates provide evidence for immigration into the pool which appears
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to happen earlier than specified in the Comprehensive Conservation Plan for Noxubee
NWR (i.e., February 15 through May 1). However, estimated abundance decreases near
February, which suggests Paddlefish are emigrating from the pool to the larger Noxubee
system. The cause of this trend cannot be determined using the integrated population
model approach but my GLM analysis suggests the probability of movement out of the
pool is highest when water temperature is near 25°C and stage is near 2.0 m. However,
the optimal temperature and stage conditions for emigration occurred in April and May
during my study, not in February when estimated abundance decreased. One potential
explanation for this behavioral response may be that Paddlefish move into Oktoc Creek
from the larger Noxubee River system following rising water discharged from the Bluff
Lake WCS when water temperatures are approaching their assumed spawning window.
Then, following their inability to move beyond the structure, fish return downstream
(Jennings and Zigler 2009).
While the timing of spawning throughout the distribution of Paddlefish is
relatively well-reported in the literature (Purkett 1961; Pasch et al. 1980; Russel 1986;
Lein and DeVries 1998; Firehammer et al. 2006), the timing of movement into staging or
spawning areas is not. Upstream movement shows a strong relationship with peaks in
discharge, which are variable among years (Firehammer and Scarnecchia 2006; Miller
and Scarnecchia 2008). In 2016, I likely missed the peak and captured the descending
limb in abundance as I initially assumed fish were coming in later during spring months
based on the preconceived spawning window of February 15 to May 1 stated in the
Noxubee NWR Comprehensive Conservation Report (U.S. Department of the Interior
2014). As is true for most Acipenseriform species, male Paddlefish tend to migrate
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upstream before females prior to the spawning season and may remain in the spawning
area for longer, while females retreat downstream immediately after spawning (Lein and
DeVries 1998; Stancill et al. 2002). Stancil et al. (2002) identified the pre-spawning
period, defined as the period of increased long-distance movements upstream associated
with increasing water temperature and photoperiod, as March 1 through April 30 in Lake
Francis Case, South Dakota. Although water temperatures for the pre-spawning period
were not explicitly stated in their study, the spawning season was determined to occur at
water temperatures ranging from 13 and 18°C between May 1 through 31 (Stancill et al.
2002). However, movement into staging areas and the timing of spawning periods tends
to occur later in the year at more northern latitudes than in my study, but within similar
temperature ranges. For instance, Lein and DeVries (1998) documented spawning in the
Tallapoosa River, Alabama, in late March 1992 and early April through mid-May 1993
when water temperatures were between 12°C and 17°C; therefore, the pre-spawning
period likely occurred when water temperatures were less than 12°C and during months
prior to their documentation of spawning. Similarly, O’Keefe (2006) identified the prespawning period as December through March in Demopolis Lake, Alabama, and
documented spawning in mid-April at water temperatures between 18 and 19.4°C.
Therefore, I believe peaks in abundance in December and January may reflect the timing
of movement into the pool below the Bluff Lake WCS as a staging area as water
temperatures were typically less than 12°C in late November through mid-March 2017
and 2018, which aligns with other reports of Paddlefish staging at similar latitudes (Lein
and DeVries 1998; O’Keefe 2006).
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I was unable to determine proportions of the population that were migratory
versus resident, aside from Paddlefish that were implanted with an acoustic transmitter.
However, the trends in abundance and acoustic detections throughout the duration of my
study support a mixed population. Abundance in the pool consistently remains above
zero throughout the duration of my study which suggests a population of resident fish
remain in the pool throughout the year. Year-round presence of Paddlefish in the pool
was also confirmed by acoustic detections, while decreases in estimated abundance
through April aligns with the timing of emigration by nine tagged Paddlefish into the
larger Noxubee River system, further providing support for a mixed population structure.
Abundance results from the integrated population model align well with my GLM results
predicting the probability of emigration from the pool below the Bluff Lake WCS given
three- and five-day averages for stage and temperature along Oktoc Creek, respectively.

Evaluating Spatiotemporal Movement Patterns Throughout Noxubee NWR
Spring migratory movements into the pool below the Bluff Lake WCS were
associated with rising spring discharges and temperature as supported by previous
research (Purkett 1961; Lein and DeVries 1998; Paukert and Fisher 2001; Firehammer
and Scarnecchia 2006; Firehammer and Scarnecchia 2007). Results from my GLM
analysis, suggested that emigration is most likely when stage along Oktoc Creek is
greater than 1.5 m and increases with increasing water temperatures up to 25°C. It is
important to note that predictions were constrained to temperature and stage
combinations that occurred during my study. For example, water temperatures of 30°C
did not occur at stages of 1.5 m or greater along Oktoc Creek. Additionally, although the
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probability of emigration is low (<1%), these probabilities are represented daily when
optimal temperature and stage conditions are met; therefore, although it is unlikely based
on my predicted probabilities, several fish may emigrate in a given day which can
account for a significant proportion of the population in the pool below the Bluff Lake
WCS. Although the number of individually tagged Paddlefish that migrated into the
Noxubee River were few, the timing of such movements corresponds to predictions when
emigration is most likely to occur.
Paddlefish at Noxubee NWR are believed to migrate upstream from Demopolis
Lake. It is evident that movement between Noxubee NWR and Demopolis Lake occurs,
as shown by four acoustically tagged Paddlefish in this study and one by O’Keefe (2006).
O’Keefe (2006) captured two male Paddlefish below the Bluff Lake WCS at Noxubee
NWR in 2003, which were subsequently released in Demopolis Lake near the mouth of
the Noxubee River after being transported to Private John Allen Fish Hatchery for use as
broodstock. One of the males overwintered in the flowing bendway of Demopolis Lake
and returned back to Oktoc Creek from the end of March through mid-July 2004, while
the other was not located again. Another male, which was captured and radio-tagged
from the pool below the Bluff Lake WCS, remained in Oktoc Creek until May 25, 2005
before the transmitter presumably died (O’Keefe, 2006). Detections along all downstream
receivers in my acoustic array, and above the dam at Demopolis Lake confirmed
movement between these systems during my study. In both studies, movement by
acoustically tagged Paddlefish occurred in April, which also aligns with the timing of
spawning in southeastern Paddlefish populations (Lein and DeVries 1998; O’Keefe 2006;
O’Keefe and Jackson 2007). Habitat characteristics in this study were not quantified in
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for areas outside of the pool below the Bluff Lake WCS. However, the documentation of
successful reproduction in the lower portions of the Noxubee River could provide support
for intermediate areas to provide suitable spawning conditions as well. The decrease in
abundance prior to the presumed spawning window may suggest emigration from the
pool to suitable spawning areas downstream. While Paddlefish in the Noxubee River
Watershed, including Oktoc Creek, are believed to be from the Demopolis Lake stock
(O’Keefe 2006), further genetic analyses need to be conducted to quantify the level of
gene flow between fish from both locations.
Passage through dams by Paddlefish is possible when water levels are high but
also depends on lock or dam design. Several studies have documented the ability of
Paddlefish to pass up- and downstream (Moen et al., 1992; Zigler et al., 2003; O’Keefe,
2006) past lock and dam structures. However, in my study no Paddlefish were detected
moving downstream through the Demopolis L&D (S. Rider, Alabama Department of
Conservation and Natural Resources, personal communication). Of the four fish detected
above the L&D, one of which emigrated from Oktoc Creek in 2016 and three of which
emigrated from Oktoc Creek in 2017, all were detected on several consecutive days
between April 12, 2017 and August 27, 2017.

Determining Minimum Water Level for Paddlefish Passage
During the fall of 2016, northeast Mississippi experienced prolonged drought
conditions including the counties comprising Noxubee NWR (Noxubee, Winston, and
Oktibbeha). In particular, drought conditions during the months of September and
October were considered to be severe (NOAA 2016a, 2016b), therefore the stream depth
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measurements represent approximate base flow conditions.
Minimum water depths for providing connectivity between the pool below the
Bluff Lake WCS and the Noxubee River based on Paddlefish size were similar between
stream transect measurements in 2016 and 2017. However, to allow for passage of all
sizes, the more conservative measurement of 27 cm should be considered as the
minimum water depth needed along Oktoc Creek. Because larger Paddlefish may be
present below the WSC, greater girths can be extrapolated from the linear regression
relating EFL and girth to account for greater depth requirements based on Paddlefish size.
For example, girth, especially in females, is highly variable between spawning and nonspawning seasons. It should be noted that 27 cm reflects only the absolute minimum
water depth required to provide passage between the WCS and the Noxubee River; there
may be a water depth threshold at which fish are more likely to pass as my minimum
depth was only 5 cm greater than the maximum Paddlefish diameter in this study. The
difference between Paddlefish diameter and minimum water depth is partially a function
of my assumption that Paddlefish girth is a perfect circle (i.e., girth was represented by a
circle with a circumference of 69 cm) which is not completely reflective of their
morphology. Additionally, when plotting the stream bed profile for each transect, circles
representing Paddlefish girth had to be completely contained within the polygon to be
considered passable, also contributing to the difference between Paddlefish diameter and
the minimum stream depth needed for passage. Oktoc Creek is a heterogeneous stream,
varying from exposed sand-silt flats, shallow riffles, deep pools and some adjacent
floodplain habitats that are seasonally inundated. Other potential barriers to movement
may be present along Oktoc Creek. However, with sufficient depth, some degree of
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passability is possible, at least seasonally. This is validated by acoustic receiver
detections documenting Paddlefish movement between the pool below the WCS and the
Noxubee River.
Based on the trends in abundance and acoustic detections throughout the duration
of my study, the pool below the Bluff Lake WCS supports a mixed population where
some Paddlefish move in and out seasonally, and others remain as year-round residents.
This appears to be a behaviorally unique population where resident fish lack the innate
response to migrate during pre-spawn and spawning environmental conditions, at least as
documented throughout the duration of my study. Or, their natural behavioral response is
confused by the WCS which requires them to move downstream to spawn. According to
Bemis and Kynard (1997), all downstream migrations exhibited by Acipenseriformes are
always associated with feeding. However, if passage along Oktoc Creek is limiting
emigration of Paddlefish into the larger Noxubee River system, refuge managers can
release water from the Bluff Lake WCS to increase stage downstream and promote
connectivity with the Noxubee River, and evaluate the effectiveness of releases from
acoustically tagged Paddlefish. The Noxubee NWR Comprehensive Conservation Plan
specifies an objective of providing a weekly water release at an estimated discharge rate
of 11.3 cubic meters per second for at least one eight-hour period, through the Bluff Lake
(U.S. Fish & Wildlife Service 2014), therefore this benchmark may be a good starting
point.
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Management recommendations
More information detailing Paddlefish population dynamics below the Bluff Lake
WCS is needed. Gill net sampling efforts using methods similar to those used in this
study (i.e., multiple nets fish consecutively within a sampling day) should be continued at
least once monthly. I recommend sampling frequency be increased to at least bi-monthly
during November and December, the presumed pre-spawn staging period, and continue
through April when emigration into the Noxubee River was documented in this study.
This information is necessary to document changes in population abundance over time.
Additionally, the acoustic transmitters used in my study are estimated to remain
operational for 10 years. Therefore, it will be important to maintain the acoustic array
along Oktoc Creek and the Noxubee River to monitor movement (i.e., immigration and
emigration) by acoustically tagged fish. These detection data are necessary to further
understand Paddlefish responses to future WCS operations and environmental conditions.
Furthermore, more accurate information for detecting PIT tagged Paddlefish could be
obtained through gating Oktoc Creek with a multi-antennae HDX reader (Oregon RFID,
Portland, OR) which provides the unique tag identification number, time of initial
detection, and duration of detection. All Paddlefish in this study were implanted with a
HDX PIT tag therefore, having known detection information would be useful to
incorporate in future population models. If this multi-antennae gate were to be
implemented, I suggest placing one antennae near the outflow of the pool along Oktoc
Creek, and another a short distance downstream. Careful consideration should be given
towards the placement of antennae to ensure they are protected from floating objects such
as large timbers, elevated water levels during high flow events, and remain discrete from
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refuge visitors. Continuing routine gill net sampling, monitoring acoustic and
environmental conditions, and potentially incorporating PIT tag detections will also be
useful for the future application of a Robust Design model for Capture-Recapture data,
which will quantify proportions of migratory versus resident fish using individually PIT
and acoustically tagged Paddlefish while incorporating Bluff Lake WCS operations and
environmental data. A more comprehensive understanding of the Paddlefish population
structure (i.e., resident, migratory, or mixed) is particularly important to inform the need
for future management actions.
If the objective is to use flow releases to promote emigration into the Noxubee
River by migratory Paddlefish, I recommend releases be conducted at variable discharge
rates and durations within and outside of the normal spring spawning months. Options for
flow releases may include the strategy stated in the Noxubee NWR Comprehensive
Conservation Report (i.e., 11.3 cubic meters per second for one 8-hour period per week
during the spawning period of Feburary 15 through May 1). This discharge rate will
likely result in overland flooding into the bottomland and a significant decrease in Bluff
Lake water level; therefore, lesser discharge rates which aim to maintain bank-full
conditions along Oktoc Creek, but do not result in overland flooding could also be
implemented. This approach may provide opportunities for water to be released over a
longer period to maximize the probability of emigration. Regardless of release strategy,
managers should aim to provide stages of at least 1.5 m along the length of Oktoc Creek,
particulary when water temperatures are 10°C or greater (see Chapter 1). An adaptive
management framework could be further integrated to link Bluff Lake water control
structure operations with the downstream response along Oktoc Creek (e.g.,
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understanding the change in stage along Oktoc Creek following a reduction of Bluff Lake
water level). Movement (i.e., emigration or immigration) can be monitored using the
existing acoustic array to monitor Paddlefish response to dynamic changes in Bluff Lake
water level management.
The Bluff Lake WCS, implemented in 1980 may be a candidate for renovation in
upcoming years therefore, modifications may be made to promote Paddlefish passage
above. During my gill net sampling, I received numerous annectdoctal accounts of local
residents capturing Paddlefish in the Noxubee River and tributaries, some even before the
impoundment of Bluff Lake in the late 1930’s. The current WCS may have disconnected
Paddlefish from portions of their historical distribution throughout the Noxubee River
watershed. Considerations should be given to modifications which either allow upstream
passage into Bluff Lake, such as a diversion channel, or decreases discharge from Bluff
Lake in a way that may be less-attractive to Paddlefish given they are cued to the pool by
increased discharge from the WCS.
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Tables
Table 1.1

HOBO Logger GPS and VR2W receiver locations in the Noxubee River
and Oktoc Creek, Noxubee National Wildlife Refuge, Brooksville, MS.

Deployment
Logger
Interval
date
type
(min)
Data Logger Only
33.271257
-88.783648
04/20/2016
Stage
15
33.277817
-88.777300
02/11/2017
Stage
15
33.265517
-88.750067
07/16/2017
Stage
15
Acoustic Receiver & Data Logger
33.289366
-88.776336
02/29/2016
Temp
15
33.290819
-88.773510
04/20/2016
Temp
15
33.273350
-88.775670
02/09/2016
Temp
15
33.273350
-88.775670
03/30/2016
Stage
15
33.273344
-88.775305
02/29/2016
Temp
15
33.261833
-88.737467
02/29/2016
Temp
15
33.257583
-88.203830
12/13/2016
Stage
15
33.257583
-88.203830
04/21/2016
Stage
15
33.020049
-88.459717
05/09/2016
Stage
15
Acoustic Receiver Only
33.020049
-88.459717
02/18/2016
Acoustic Continuous
Logger locations are illustrated in Figure 1.3.
Latitude

Coordinates
Longitude
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Start
time
12:00
15:00
16:00
14:00
15:00
15:00
17:00
14:00
15:00
17:00
16:00
13:00
-

Table 1.2

GPS Coordinates for Paddlefish Polyodon spathula passage sites along
Oktoc Creek, Noxubee National Wildlife Refuge, Brooksville, MS.
Site
number
1
2
3
4
5
6
7
8
9
10

Coordinates
Latitude
Longitude
33.274533
-88.7631833
33.273100
-88.7697167
33.273350
-88.7739000
33.274133
-88.7768000
33.266183
-88.7525333
33.263867
-88.7466833
33.266150
-88.7407167
33.263600
-88.7323000
33.261617
-88.7261000
33.256550
-88.7219833
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Sample date
2016
2017
11/18
07/27
10/28
07/12
11/7
07/11
07/13
12/13
07/19
12/02
07/20
11/11
07/14
11/04
07/21
12/12
07/26
11/12
07/25
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Table 1.3
PIT tag
Captures
Date
number
1005085803
1
05/19/16
1005085803
2
01/25/18
1005085804
1
02/16/17
1005085804
2
01/05/18
1005085806
1
05/19/16
1005085806
2
11/17/16
1005085806
3
02/16/17
1005085806
4
03/02/18
1005085809
1
04/22/16
1005085809
2
06/24/16
1005085811
1
06/09/16
1005085811
2
01/05/17
1005085812
1
06/24/16
1005085812
2
03/02/17
1005085812
3
02/02/18
1005085812
4
04/05/18
1005085813
1
04/08/16
1005085813
2
04/05/18
1005085816
1
11/17/16
1005085816
2
02/09/17
1005085816
3
11/29/17
12094
12094
12094
12028
3472
3472
1214

Gray
Gray
Gray
Gray
Green
Green
Gray

3473
3473
12031

Green
Green
Gray

12071

12045
12085
12085

Gray
Gray
Gray

Gray

Number

Color

Floy

11547
11547
11547

11542

11548
11548
11548
11414
11414

Transmitter

1
1

1
0

Live well

Summary of tag implantation and retention for Passive Integrated Transponder (PIT) tags, acoustic transmitters, and
floy tags based on gill net captures of Paddlefish Polyodon spathula below the Bluff Lake water control structure.
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1005085816
1005085819
1005085819
1005085819
1005085819
1005085819
1005085820
1005085820
1005085821
1005085821
1005085821
1005085821
1005085823
1005085823
1005085825
1005085825
1005085825
1005085827
1005085827
1005085828
1005085828
1005085828
1005085829
1005085829
1005085829

Table 1.3 (Continued)
4
1
2
3
4
5
1
2
1
2
3
4
1
2
1
2
3
1
2
1
2
3
1
2
3

01/15/18
Gray
04/22/16
04/29/16
05/19/16
04/13/17
Gray
12/08/17
Gray
12/15/16
Blue
01/25/18
Gray
03/02/16
04/20/17
Gray
01/15/18
Gray
03/08/18
Gray
01/15/18
Gray
02/22/18
Gray
02/25/17
Gray
11/30/17
Gray
01/05/18
Gray
12/09/16
Blue
01/05/18
Blue
04/01/16
04/08/16
09/22/16
12/09/16 Orange spaghetti
01/05/17 Orange spaghetti
02/22/18
Gray
75
75
12032

12146
12146
12146
12104
12104
12088
12088
12088
87
87

12147
12147
98
12042

12124

11532
11532

11547
11411
11411
11411
11411
11411
11545
11545

1

1

1
1

1
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1005085830
1005085830
1005085830
1005085830
1005085830
1005085831
1005085831
1005085832
1005085832
1005085834
1005085834
1005085835
1005085835
1005085835
1005085836
1005085836
1005085836
1005085837
1005085837
1005085837
1005085837
1005085837
1005085838
1005085838
1005085839

Table 1.3 (Continued)
1
2
3
4
5
1
2
1
2
1
2
1
2
3
1
2
3
1
2
3
4
5
1
2
1

05/12/16
06/09/16
10/11/16
01/20/17
01/26/17
05/12/16
01/15/18
12/15/16
01/05/17
12/09/16
02/02/18
06/24/16
01/20/17
03/02/17
04/22/16
01/12/17
01/12/18
07/01/16
12/09/16
12/15/16
03/02/17
03/09/17
06/09/16
12/15/16
04/29/16
12057
12057
12060
12109
84
84
84
84
12073

Gray
Gray
Blue
Blue
Blue
Blue
Gray

12101
99
99
88
12038

Gray
Blue
Blue
Blue
Gray
Gray
Gray

12056
12056

Gray
Gray

11543
11417

11546
11546
11546

11533
11533
11412
11412
11412

11544
11544

11529
11529

1
1

0

1

1
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1005085839
1005085839
1005085840
1005085840
1005085840
1005085841
1005085841
1005085841
1005085841
1005085841
1005085842
1005085842
1005085842
1005085842
1005085842
1005085842
1005085844
1005085844
1005085845
1005085845
1005085846
1005085846
1005085846
1005085848
1005085848

Table 1.3 (Continued)
2
3
1
2
3
1
2
3
4
5
1
2
3
4
5
6
1
2
1
2
1
2
3
1
2

12/15/16
02/16/17
05/12/16
02/16/17
03/09/17
05/05/16
12/09/16
01/05/17
02/25/17
12/08/17
04/22/16
05/26/16
01/26/17
03/23/17
02/22/18
03/23/18
03/09/17
02/02/18
03/09/17
01/05/18
05/19/16
02/16/17
03/16/17
04/13/16
04/22/16
12087
12087

Gray
Gray

89
89
12089
12119

Blue
Blue
Gray
Gray

12055
12055
12055
12055
12095
12039
12096
12116

12081
12081

Gray
Gray

Gray
Gray
Gray
Gray
Gray
Gray
Gray
Gray

95
95

Blue
Blue

11408
11408

11417
11417
11421
11421
11421
11419
11419
11419
11419
11419
11413
11413
11413
11413
11413
11413
1
1
0

1
1

1
1

1
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1005085848
1005085848
1005085849
1005085849
1005085849
1005085851
1005085851
1005085851
1005085851
1005085851
1005085852
1005085852
1005085853
1005085853
1005085854
1005085854
1005085854
1005085855
1005085855
1005085857
1005085857
1005085857
1005085858
1005085858
1005085859

Table 1.3 (Continued)
3
4
1
2
3
1
2
3
4
5
1
2
1
2
1
2
3
1
2
1
2
3
1
2
1

02/22/18
03/02/18
04/22/16
01/15/18
02/22/18
01/05/17
01/12/17
02/25/17
01/05/18
03/08/18
12/09/16
06/20/17
04/01/16
05/26/16
03/16/17
03/23/17
03/08/18
02/20/16
03/18/16
06/03/16
12/09/16
06/20/17
02/20/16
02/09/17
02/09/17

12036
12036
12103
12103
12063
12063
12063
12113
12113
94
94

12098
12098
12030

92
92
12078
12076

Gray
Gray
Gray
Gray
Gray
Gray
Gray
Gray
Gray
Blue
Blue

Gray
Gray
Gray

Blue
Blue
Gray
Gray

20203
20203

20200
20200

11408
11408
11410
11410
11410
11540
11540
11540
11540
11540

1

1
0

0
0

0
0

40

1005085859
1005085860
1005085860
1005085860
1005085861
1005085861
1005085865
1005085865
1005085867
1005085867
1005085867
1005085867
1005085867
1005085867
1005085868
1005085868
1005085869
1005085869
1005085869
1005085869
1005085871
1005085871
1005085871
1005085871
1005085871

Table 1.3 (Continued)
2
1
2
3
1
2
1
2
1
2
3
4
5
6
1
2
1
2
3
4
1
2
3
4
5

02/16/17
Gray
12/09/16
Blue
02/16/17
Blue
01/05/18
Blue
01/05/17
Gray
11/30/17
Gray
03/02/16
02/22/18
Gray
04/08/16
05/05/16
06/03/16
10/21/16
Blue
01/13/18
Blue
03/02/18
Blue
04/29/16
01/12/18 Orange spaghetti
03/16/17
Gray
03/23/17
Gray
01/15/18
Gray
03/02/18
Gray
04/01/16
05/19/16
01/05/17
Gray
01/12/18
Gray
01/13/18
Gray
12061
12061
12061

74
12097
12097
12048
12048

81
81
81

12035

12076
85
85
85
12064
12064

11418
11418
11418
11418
11418
11415
11415

11535
11535
20205
20205

1

0
0

1
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1005085873
1005085873
1005085873
1005085876
1005085876
1005085876
1005085880
1005085880
1005085880
1005085880
1005085880
1005085880
1005085881
1005085881
1005085881
1005085882
1005085882
1005085886
1005085886
1005085888
1005085888
1005085888
1005085888
1005085889
1005085889

Table 1.3 (Continued)
1
2
3
1
2
3
1
2
3
4
5
6
1
2
3
1
2
1
2
1
2
3
4
1
2

12/09/16
01/20/17
01/13/18
12/09/16
01/26/17
01/12/18
05/12/16
06/09/16
12/09/16
11/07/17
01/05/18
02/02/18
03/23/16
03/02/17
06/20/17
02/16/17
03/23/17
01/05/17
01/12/17
02/12/16
04/29/16
01/12/17
11/29/17
02/20/16
03/23/16

86
86
86
90
90
12108

83
83
83
83
12090
12090
12082
12082
12062
12062

12058
12058

Blue
Blue
Blue
Blue
Blue
Gray

Blue
Blue
Blue
Blue
Gray
Gray
Gray
Gray
Gray
Gray

Gray
Gray

1

0

11534
11534

11536
20195
20195
20195
20195
20197
20197

1

11530
11530
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1005085889
1005085889
1005085889
1005085891
1005085891
1005085891
1005085891
1005085891
1005085891
1005085892
1005085892
1005085895
1005085895
1005085896
1005085896
1005085896
1005085897
1005085897
1005085897
1005085898
1005085898
1005085898
1005085898
1005085898
1005085898

Table 1.3 (Continued)
3
4
5
1
2
3
4
5
6
1
2
1
2
1
2
3
1
2
3
1
2
3
4
5
6

04/01/16
12/09/16
06/20/17
02/12/16
06/03/16
01/05/17
02/16/18
02/22/18
04/05/18
03/02/16
06/03/16
05/26/16
11/07/17
05/12/16
02/16/17
01/15/18
12/09/16
01/05/17
03/09/17
02/12/16
05/05/16
01/05/17
01/20/17
01/26/17
03/09/17
120007
12083
12083
93
93
93

12066
12066
12066
12066

Gray
Gray
Blue
Blue
Blue

Gray
Gray
Gray
Gray

12065
12065
12065
12065

Gray
Gray
Gray
Gray

Gray

82
82

Blue
Blue

20201
20201
20201
20201
20201
20201

20197
20197
20197
20204
20204
20204
20204
20204
20204
20209
20209

1
1
1

1
1

1
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1005085898
1005085898
1005085900
1005085900
1005085901
1005085901
1005085901
1005085901
121021123518
121021123518
121021123518
121021123518
121021143833
121021143833
121021143833
121021143833
121021143833
121021143833
121021143833
121021143833
121021186697
121021186697
121021186697
121021186697
121021186697

Table 1.3 (Continued)
7
8
1
2
1
2
3
4
1
2
3
4
1
2
3
4
5
6
7
8
1
2
3
4
5

02/22/18
04/05/18
01/05/17
01/12/18
05/19/16
01/26/17
10/17/17
01/25/18
03/06/15
04/29/16
11/30/17
01/05/18
03/17/15
02/20/16
05/19/16
12/15/16
01/05/17
02/09/17
03/16/17
01/12/18
03/02/16
06/03/16
11/17/16
01/12/17
01/20/17

12033
12033
12069
12107
12075
12075
12075
14
12121
12121
77

12072
12072
12072
12072
12072

3474
3474
3474

Gray
Gray
Gray
Gray
Gray
Gray
Gray
Blue
Gray
Gray
Blue

Gray
Gray
Gray
Gray
Gray

Green
Green
Green

1

1
1
1

1
1

11416
11416
11416
20199
20199
20199
20199
20199
20199
20199
20206
20206
20206
20206
20206

1
1

1

1

11531
11531
11531

20201
20201
11538
11538
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121021186697
121021186697
121021186697
121021188130
121021188130
121021188130
121021188130
121021188130
121021193617
121021193617
121021193617
121021193617
121021193617
121021193617
121021193617
121021201081
121021201081
121021201081
226000207223
226000207223
226000207241
226000207241
226000207251
226000207251
226000207252

Table 1.3 (Continued)
6
7
8
1
2
3
4
5
1
2
3
4
5
6
7
1
2
3
1
2
1
2
1
2
1

01/05/18
03/02/18
03/23/18
11/17/16
12/09/16
02/25/17
12/08/17
01/15/18
02/20/16
05/26/16
12/15/16
11/07/17
11/30/17
01/05/18
01/15/18
03/06/15
02/11/16
01/05/17
01/05/18
03/23/18
01/05/18
01/25/18
01/25/18
02/16/18
01/13/18

12114
12114
12114
3469
3469
3469
3469
3469

97
12010
12010
12010
12010
10
12067
12117
12117
12112
12112
12044
12044
12106

Gray
Gray
Gray
Green
Green
Green
Green
Green

Blue
Gray
Gray
Gray
Gray
Blue
Gray
Gray
Gray
Gray
Gray
Gray
Gray
Gray

11655
11654
11654

11657

20207
20207

20202
20202
20202
20202
20202
20202
20202

20206
20206
20206

1

1
1
1
1

1
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226000207252
2
03/23/18
Gray
12106
11650
226000207274
1
01/15/18
Gray
12049
226000207274
2
02/16/18
Gray
12049
226000207274
3
02/16/18 Orange spaghetti
72
226000207278
1
03/08/18
Gray
12104
226000207278
2
03/23/18
Gray
12104
226000207283
1
01/05/18
Gray
12111
226000207283
2
02/02/18
Gray
12111
11658
Unmarked Paddlefish were implanted with a new PIT tag (n=117) and a subset (n=59) were implanted with an acoustic transmitter
(Vemco or Lowtek). Transmitters were detected using an acoustic receiver placed in the live well during gill net sampling.
Detected transmitters are indicated by a 1 and undetected transmitters are indicated by a 0 suggesting transmitter failure or shed.
Floy tags (indicated by color and number) were implanted as a secondary mark.

Table 1.3 (Continued)

Table 1.4

Length, girth, and weight measurements for all Paddlefish Polyodon
spathula (n=426) captured below the Bluff Lake water control structure,
Noxubee National Wildlife Refuge, Brooksville, MS.

Size metric
Total length (mm)
Rostrum-to-fork length (mm)
Eye-to-fork length (mm)
Girth (mm)
Weight (kg)

Minimum
895
812
552
318
2.3

Maximum
1574
1811
1130
686
22
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Mean
1378
1273
930
561
11.8

Standard Deviation
89
89
73
77
2.8

Table 1.5

Summary of Paddlefish Polyodon spathula surgically implanted with
acoustic transmitters.
Transmitter
A69-9001-20195
A69-9001-20196
A69-9001-20197
A69-9001-20198
A69-9001-20199
A69-9001-20200
A69-9001-20201
A69-9001-20202
A69-9001-20203
A69-9001-20204
A69-9001-20205
A69-9001-20206
A69-9001-20207
A69-9001-20208
A69-9001-20209
A69-1303-11408
A69-1303-11409
A69-1303-11410
A69-1303-11411
A69-1303-11412
A69-1303-11413
A69-1303-11414
A69-1303-11415
A69-1303-11416
A69-1303-11417
A69-1303-11418
A69-1303-11419
A69-1303-11420
A69-1303-11421
A69-1303-11422
A69-1303-11529
A69-1303-11530
A69-1303-11531
A69-1303-11532
A69-1303-11533
A69-1303-11534

Implantation date
02/11/16
02/11/16
02/20/16
02/11/16
02/20/16
02/20/16
02/11/16
02/20/16
02/20/16
02/11/16
03/02/16
03/02/16
02/11/16
02/20/16
03/02/16
04/13/16
04/13/16
04/22/16
04/22/16
04/22/16
04/22/16
04/22/16
04/29/16
04/29/16
04/29/16
05/05/16
05/05/16
05/05/16
05/12/16
05/12/16
01/20/17
01/20/17
01/26/17
01/05/17
01/20/17
01/26/17
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Failure date

02/11/16

02/11/16

06/17/18
01/27/18
12/20/17
12/26/17
06/20/17
07/15/17
06/20/17
01/01/18
06/20/17
05/05/16
02/18/18
07/16/16
01/23/17

06/29/17

Table 1.5 (Continued)
01/05/17
05/22/17
A69-1303-11535
01/12/17
A69-1303-11536
01/12/17
A69-1303-11537
01/05/17
01/01/18
A69-1303-11538
01/05/17
01/05/17
A69-1303-11539
01/05/17
06/21/17
A69-1303-11540
01/05/17
A69-1303-11541
01/05/17
A69-1303-11542
12/15/16
A69-1303-11543
12/15/16
A69-1303-11544
12/15/16
A69-1303-11545
12/15/16
06/20/17
A69-1303-11546
11/17/16
A69-1303-11547
11/17/16
12/17/17
A69-1303-11548
12/08/17
A69-1303-11652
01/25/18
A69-1303-11654
01/25/18
A69-1303-11655
03/23/18
A69-1303-11657
03/23/18
A69-1303-11650
03/23/18
A69-1303-11651
02/16/18
A69-1303-11656
02/02/18
A69-1303-11658
02/02/18
A69-1303-11659
Acoustic transmitters were approximately 16 mm in diameter, 54 mm long, and weighed
approximately 8.1 g in water (Vemco, Bedford, Nova Scotia, Canada; Lotek Wireless
Inc., Newmarket, Ontario, Canada). All coded tags operated at a 69-kHz frequency.
Vemco and Lotek tags were differentiated by code spaces (i.e., A69-9001- Vemco, A691303- Lotek). Transmitters which do not have a failure date specified are assumed to be
operational.
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Table 1.6

Evidence for Paddlefish Polyodon spathula emigration from the pool below
the Bluff Lake water control structure, Noxubee National Wildlife Refuge,
Brooksville, MS, based on acoustic detections on a downstream receiver
array along Oktoc Creek and the Noxubee River.
Transmitter
A69-9001-20208
A69-9001-20200
A69-1303-11541
A69-1303-11417
A69-1303-11544
A69-9001-20203
A69-9001-20196
A69-1303-11413
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Detection Date
04/13/2016
04/15/2016
03/11/2017
04/05/2017
04/05/2017
04/05/2017
04/06/2017
04/07/2017

Table 1.7

Top-model coefficients and 95% confidence intervals for GLM predicting
temporal movement patterns of Paddlefish Polyodon spathula below the
Bluff Lake water control structure, Noxubee National Wildlife Refuge,
Brooksville, MS
Coefficients

95% Confidence Intervals

(Intercept)

0.2993906

-2.2163129

2.8294285

stage3

-4.7412895

-7.0620629

-2.6364143

temp5

-0.5225383

-0.7088535

-0.3422765

stage3:temp5

0.3940363

0.2640821

0.5271967
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Model
34
35
16
31
18
17
33
32
19
14
12
30
13
15
29
28
2
6
3
7
26

Table 1.8

Model
movers~stage3+temp5+stage3:temp5
movers~stage3+temp3+stage3:temp3
movers~stage3+temp5+mean.stage:temp5
movers~stage5+temp5+stage5:temp5
movers~max.stage+temp5+max.stage:temp5
movers~mean.stage+temp3+mean.stage:temp3
movers~stage3+max.temp+stage3:max.temp
movers~stage3+mean.temp+stage3:mean.temp
movers~max.stage+temp3+max.stage:temp3
movers~mean.stage+max.temp+mean.stage:max.temp
movers~mean.stage+mean.temp+mean.stage:mean.temp
movers~stage5+temp3+stage5+temp3
movers~max.stage+max.temp+max.stage:max.temp
movers~max.stage+mean.temp+max.stage:mean.temp
movers~stage5+max.temp+stage5:max.temp
movers~stage5+mean.temp+stage5:mean.temp
movers~mean.stage
movers~diff.maxstage
movers~max.stage
movers~stage5
movers~diff.maxstage+temp5+diff.maxstage:temp5

df
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
2
2
2
2
4

logLik
-109.62
-113.28
-113.44
-114.44
-114.61
-115.59
-116.5
-116.68
-116.7
-117.65
-117.87
-117.97
-118.98
-119.24
-120.14
-120.28
-128.17
-128.43
-129.28
-130.47
-129.51

AICc
227.351
234.661
234.987
236.993
237.336
239.291
241.111
241.47
241.504
243.404
243.843
244.044
246.076
246.591
248.387
248.66
260.371
260.889
262.587
264.962
267.133

delta
0
7.30988
7.63614
9.64152
9.98476
11.9399
13.7603
14.1188
14.1535
16.0527
16.492
16.6929
18.7248
19.2395
21.0363
21.309
33.0203
33.5378
35.2361
37.6111
39.782

Weight
0.93545472
0.024193721
0.020552065
0.007540391
0.006351248
0.002389461
0.00096162
0.000803819
0.000790012
0.000305653
0.000245381
0.000221923
8.04E-05
6.21E-05
2.53E-05
2.21E-05
6.32E-08
4.88E-08
2.09E-08
6.37E-09
2.15E-09

Selection of GLM models fitted by maximum likelihood for predicting temporal movement patterns of Paddlefish
Polyodon spathula below the Bluff Lake water control structure, Noxubee National Wildlife Refuge, Brooksville,
MS
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24
25
27
5
4
23
20
21
22
8
11
9
10
1

movers~diff.maxstage+mean.temp+diff.maxstage:mean.temp
movers~diff.maxstage+max.temp+diff.maxstage:maxtemp
movers~diff.maxstage+temp3+diff.maxstage:temp3
movers~diff.maxstage
movers~diff.meanstage
movers~diff.meanstage+temp5+diff.meanstage:temp5
movers~diff.meanstage+mean.temp+diff.meanstage+mean.temp
movers~diff.meanstage+max.temp+diff.meanstage:max.temp
movers~diff.meanstage+temp3+diff.meanstage:temp3
movers~mean.temp
movers~temp5
movers~max.temp
movers~temp3
(Intercept)

Table 1.8 (Continued)
4
4
4
2
2
4
4
4
4
2
2
2
2
1

-129.7
-129.72
-130.14
-132.94
-132.99
-131.01
-131.2
-131.28
-131.42
-133.54
-133.64
-133.68
-133.74
-142.53

267.498
267.54
268.394
269.914
270.02
270.121
270.511
270.657
270.956
271.105
271.305
271.385
271.519
287.064

40.1473
40.189
41.0434
42.5629
42.6693
42.7697
43.1602
43.3057
43.6047
43.7536
43.9541
44.034
44.1676
59.7128

1.79E-09
1.75E-09
1.14E-09
5.35E-10
5.08E-10
4.83E-10
3.97E-10
3.69E-10
3.18E-10
2.95E-10
2.67E-10
2.57E-10
2.40E-10
1.01E-13

Figures

Figure 1.1

Noxubee River watershed study area, located in Mississippi and Alabama.
The Noxubee National Wildlife Refuge is denoted by the grey area.

The Noxubee River extends approximately 160 km to Gainesville, Alabama where it
joins the Tombigbee River. The dashed oval is part of Demopolis Lake, Alabama, which
is the suspected source of Paddlefish migrating to the refuge.
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Figure 1.2

Bluff Lake water control structure, associated pool, and Oktoc Creek at
Noxubee National Wildlife Refuge, Brooksville, MS.

The dashed white line represents a standard net location for gill nets used to capture
Paddlefish Polyodon spathula. Gill nets were 30.5 m long, 3.7 m deep, hobbled to 2.4 m,
and hung with 127.0- or 152.6-mm bar-mesh multifilament webbing.
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Figure 1.3

Locations of acoustic receivers, water stage loggers, and temperature
loggers in Noxubee National Wildlife Refuge, Brooksville, MS.

Bluff and Loakfoma Lakes are shaded in dark gray and refuge area is shaded in light
gray.

55

Figure 1.4

Spatial distribution of sites (n=10) randomly selected to examine channel
morphology used to infer passage conditions for Paddlefish Polyodon
spathula along Oktoc Creek, Noxubee National Wildlife Refuge,
Brooksville, MS.
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Abundance estimates for the number of Paddlefish Polyodon spathula present below the Bluff Lake water control
structure, Noxubee National Wildlife Refuge, Brooksville, MS.

The black line is the estimated population abundance and the gray area represents 95% credible intervals. Abundance estimates
were generated using an integrated population model approach which simultaneously estimates closed-population abundance from
gill net sampling while fitting the model for estimating true daily abundance

Figure 1.5
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Residency of acoustically tagged Paddlefish Polyodon spathula in the pool below the Bluff Lake water control
structure, Noxubee National Wildlife Refuge, Brooksville, MS.

An acoustic receiver, placed below the WCS, was used for continuous recording of detections throughout the duration of the study.

Figure 1.6

Figure 1.7

GLM results for predicting the probability of Paddlefish Polyodon spathula
emigration into the Noxubee River, given 5-day average temperature and 3day average stage conditions along Oktoc Creek, Noxubee National
Wildlife Refuge, Brooksville, MS.

Predictions were based on the top model which included parameters of 5-day average
temperature and 3-day average stage and were constrained to combinations of
temperature and stage which occurred throughout the duration of the study.
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Figure 1.8

Log-linear regression for predicting the relationship between measured log
Eye-to-Fork length (mm) and girth (mm) for Paddlefish Polyodon spathula
captured below the Bluff Lake water control structure, Noxubee National
Wildlife Refuge, Brooksville, MS.

Girth measurements were recorded for all Paddlefish captured after November 2016.
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Figure 1.9

Predicted minimum water depths required for a Paddlefish Polyodon
spathula along Oktoc Creek, Noxubee National Wildlife Refuge,
Brooksville, MS.

Lines represent the minimum water depth of each transect measured in 2016 (n=99) and
2017 (n=110) needed to allow passage of Paddlefish with a girth of 69 cm
(diameter=21.97 cm). A proportion of 1.0 on the y-axis is representative of a water depth
that provides complete connectivity between the pool below the Bluff Lake water control
structure and the Noxubee River. The vertical dashed line denotes the minimum stream
depth based on the transect most limiting to passage along Oktoc Creek (27 cm in 2016;
26 cm in 2017). Sites for passage evaluation are illustrated in Figure 1.4.
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CHAPTER II
EVALUATING SITE FIDELITY AND THE EFFICACY OF FLOW RELEASES
THROUGH THE BLUFF LAKE WATER CONTROL STRUCTURE USING
TRANSLOCATED PADDLEFISH POLYODON SPATHULA
Introduction
Site fidelity, or the tendency of an organism to stay in or habitually return to a
particular area, is believed to affect annual and seasonal habitat selection by Paddlefish.
Site fidelity, often referenced for migratory fishes, is differentiated between two temporal
scales, annual and seasonal, and further differentiated between site selectivity, homing or
natal philopatry (Stancill et al. 2002; O’Keefe 2006). Annual site fidelity is the tendency
of fish to return to the same river area between years, typically focused around a specific
habitat characteristic at that site. However, varying seasonal conditions can shift habitat
selection. Seasonal site fidelity, or returning to the same area seasonally, for Paddlefish,
appears to be centered around the combination of habitat characteristics and
environmental conditions (Firehammer and Scarnecchia 2006).
Throughout their distribution (i.e., drainages entering the Gulf of Mexico), it is
believed that Paddlefish spend the majority of the year in lentic waterbodies, such as
reservoirs, backwaters of main-channel rivers, and oxbow lakes (Rosen 1976; Rosen et
al. 1982), and ascend smaller tributaries during spring months to spawn (Hoxmeier and
DeVries 1997). Spring migratory movements are associated with temperature and rising
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spring discharges (Purkett 1961; Pasch et al. 1980; Russell 1986; Lein and DeVries 1998;
Paukert and Fisher 2001; Stancill et al. 2002; Firehammer and Scarnecchia 2006).
Spawning has been documented over hard substrates, such as submerged gravel bars or
bedrock (Purkett 1961; Firehammer et al. 2006; O’Keefe and Jackson 2007). Fidelity to
specific spawning areas has been noted for Paddlefish (Brantly 1987; Hoxmeier and
DeVries 1997; Lein and DeVries 1998; Stancill et al. 2002; Mettee et al. 2006). However,
the distinction between site selectivity (e.g., such as the tendency for Paddlefish to select
flowing bendway habitats in Demopolis Lake, Alabama) (O’Keefe 2006), and spawning
site fidelity, (i.e., where fish consistenly return to a specific river location) is unclear
when reproduction is not documented.
The distinction between site selectivity and fidelity is further complicated by the
tendency of Paddlefish to display homing behavior (Southall and Hubert 1984; Brantly
1987; Moen et al. 1992), a form of site fidelity where organisms return to their initial
habitat from where they were displaced (Mitamura 2009). Paddlefish are capable of
extensive migrations, which are associated with rising spring discharges (Purkett 1961;
Lein and DeVries 1998; Paukert and Fisher 2001). However, individual tendencies
towards site fidelity or homing may be stronger than flow attraction. For example,
O’Keefe (2006) found that one Paddlefish returned to its initial capture location after one
year following downstream translocation in the Noxubee River, Mississippi, during a low
flow conditions, suggesting this individual’s tendency for fidelic behavior may be
stronger than environmental cues for upstream movement. Stancill et al. (2002) found
31% of male Paddlefish tagged near assumed spawning reaches of the White River,
South Dakota, returned to these areas in later years of both limited and peak flows. Both
80

cases provide evidence for Paddlefish fidelity to particular sites despite low flow
conditions.
There is a paucity of information regarding the belief that young Paddlefish
imprint on natal streams, also referred to as natal philopatry, similar to many salmonid
species. Stocking to supplement natural recruitment is a common management strategy
for many Paddlefish populations (Bettoli et al. 2009); therefore, stocking Paddlefish in
areas which are suitable for reproduction could allow for greater reproductive success and
a greater proportion of fish selecting suitable habitats if they return to their natal stocking
areas (Miller and Scarnecchia 2008). O’Keefe (2006) attempted to develop stocking
protocols that encourage Paddlefish to imprint on favorable spawning habitats thereby
increasing natural production in the future. However, the late age-at-maturity for adult
Paddlefish hindered the feasability of assessing natal philopatry. Few studies have looked
at disperal patterns of hatchery-reared Paddlefish. Roush et al. (2003) stocked tagged
juvenile Paddlefish in two areas of Lake Francis Case, South Dakota, and found that
Paddlefish stocked at both locations distributed throughout the reservoir similarly but
remained in the upper reservoir reaches throughout the study. Pitman and Parks (1994)
documented young Paddlefish emigrating substantial distances shortly after stocking.
The behavioral implications of how stocking as hatchling or juvenile Paddlefish
affects adults have not been examined. Hatchery-raised Paddlefish were stocked below a
water control structure (WCS) that impounds Bluff Lake, at Sam D. Hamilton Noxubee
National Wildlife Refuge around 2004 or 2005 (A. Dunstan, USFWS, personal
communication). Currently, an abundant population of Paddlefish exists in a 0.8 ha water
body below the WCS. Telemetry study of this Paddlefish population has revealed that
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many acoustically tagged individuals are year-round residents in this small pool (see
Chapter 1), contradicting the Paddlefish’s characterization as one of the most highly
migratory freshwater fishes (Wagner 1908; Rosen et al. 1982; Southall and Hubert 1984;
Russel 1986; Moen 1989; Firehammer and Scarnecchia 2006, 2007). Given their ability
to display strong homing and fidelic tendencies it was postulated that stocked individuals
may be habituated to continuous residency rather than a migratory life history. Likewise,
the small water body is the only area in this system capable of supporting Paddlefish
year-round, as downstream areas are subject to severe oxygen depletion during low flow
conditions (Aboagye and Allen 2012). Managers were concerned this population may be
a genetic sink contributing to an overall loss of genetic diversity if spawning is not
occurring in this system. Therefore, changes to current Paddlefish and water level
management practices throughout the refuge may be necessary. Given what is understood
about site fidelity and movement of Paddlefish, the objectives of this study were to (i)
evaluate site fidelity to the pool below the Bluff Lake water control structure, and (ii)
evaluate the efficacy of flow releases through the Bluff Lake water control structure for
cueing in- and out-of-season movement by acoustically tagged Paddlefish. I believed
these objectives warranted three hypotheses: (i) if fish are translocated, within the first
week following displacement to the Noxubee River, fish movement will be limited. I
predicted fish would be disoriented if they are resident-type fish and may perform short
longitudinal movements to evaluate the extent of connecitivity along the river, (ii) if site
fidelity drives residency then Paddlefish placed downstream of the confluence of Oktoc
Creek and the Noxubee River will return to the pool below the Bluff Lake WCS prior to
fish placed at the upstream site due to olfactory links to other Paddlefish or homing, (iii)
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if environmental cues are important then Paddlefish placed upstream of the confluence of
Oktoc Creek and the Noxubee River will move further upstream to the next barrier to
movement in response to stream flow or move into the pool below the Bluff Lake water
control structure when water is released from the structure.

Study Area
Sam D. Hamilton Noxubee National Wildlife Refuge (Noxubee NWR),
Brooksville, Mississippi is located in three counties in east-central Mississippi (Noxubee,
Oktibbeha, and Winston). Noxubee NWR spans 19,514 hectares. Approximately 17,200
hectares of Noxubee NWR are dominated by bottomland and upland forests. Noxubee
NWR contains two major impoundments, Bluff Lake (486 hectares) and Loakfoma Lake
(243 hectares), as well as 16 other small impoundments.
Noxubee NWR is located within the Noxubee River watershed and contains
several miles of the main-stem Noxubee River and several tributaries. The Noxubee
River originates within the Tombigbee National Forest and the Noxubee NWR, extending
approximately 160 km (121 km in Mississippi and 40 km in Alabama) to Gainesville,
Alabama, where it joins the Tombigbee River (Hubbard 1987; Calloway 2010). During
winter and spring months, it is common for the river to overtop its banks and extend into
the floodplain (Calloway 2010). The hydrologic regime of the Noxubee River has
undergone few anthropogenic alterations, except the impoundments formed by Bluff and
Loakfoma Lakes on tributary streams (Calloway 2010). Water levels in Bluff Lake are
primarily managed through a water control structure (WCS), installed in 1980 following
a levee blowout (Noxubee NWR 1939). Refuge managers have operational control of the
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WCS to maintain Bluff Lake water level and outflow, which are managed to achieve
refuge objectives (U.S. Department of the Interior 2014).

Methods
Capturing Adult Paddlefish Below the Bluff Lake Water Control Structure
Paddlefish sampling for translocations was conducted on January 12, 13, 15, and
25, 2018. I captured Paddlefish using gill nets which were 30.5 m long, 3.7 m deep,
hobbled to 2.4 m, and fitted with a 12.7 mm diameter braided poly foam core float line
and a 6.35 mm lead core line (Memphis Net & Twine Company Inc. Memphis, TN). Nets
were hung with 127.0 mm bar-mesh multifilament webbing. Nets were fished for
approximately 30 to 60 minutes before retrieval and between five and eight sets were
completed per sampling occasion. Following capture, Paddlefish were removed from the
gill net and evaluated for inclusion in the translocation study.

Criteria for Paddlefish Translocation
Previously tagged Paddlefish were necessary to ensure movement could be
detected by my acoustic array. Eligibility for translocation of acoustically tagged fish
depended on three criteria. First, all captured Paddlefish were inspected for the presence
of ventral scaring, indicating the implantation of an acoustic transmitter. Telemetered fish
were necessary to detect movement throughout the system following translocation (see
Chapter 1). The first criteria for inclusion was that incision sites were fully healed.
Healing was defined as total wound closure with no sutures present. This was necessary
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to ensure the transmitter would not be shed from the incision site following translocation.
Second, the fish must have appeared to be in overall good health (e.g., no apparent
injuries and displaying limited signs of extreme stress such as labored breathing, loss of
equilibrium, or disorientation). Third, transmitters were ensured to be operational prior to
translocation. Transmitter operation was verified using a VR100 Receiver and Deck Box
connected to a VH165 omni-directional hydrophone (Vemco, Bedford, Nova Scotia,
Canada) placed in the holding live-well for detection of implanted transmitters. This
receiver emits an audible “ping” while registering detections, at which time the code
sequence and decibel level of the transmitter is displayed in the detection window. As a
second assurance measure, I placed a VR2W-69kHz (VR2W) acoustic monitoring
receiver in the holding live-well and downloaded detections data prior to translocation.

Determining Translocation Sites on the Noxubee River
Translocation sites on the Noxubee River were identified based on proximity
from the confluence of the Noxubee River and Oktoc Creek and the refuge property
boundary. Preliminary up- and downstream sites were identified 0.8 river kilometers
(rkm) equidistant from the confluence, in Google Maps (version 3.32). However, private
land ownership near the Noxubee NWR property border, constrained the upstream site
location along the Noxubee River, to 0.2 rkm from the confluence with Oktoc Creek
(Figure 2.1).
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Translocation of Paddlefish to the Noxubee River
The first fish was randomly assigned to the up- or downstream translocation by
flipping a coin. An orientation of “heads” indicated placement at the upstream site, and
“tails” at the downstream site. Each proceeding Paddlefish was translocated to the
opposite location of the fish prior. Following all data collection procedures, Paddlefish
meeting the criteria for translocation were transferred to a mesh stretcher fixed with a
cushioned pad for support. Paddlefish were transported to a 379-liter holding tank in the
back of a truck. The holding tank was filled with approximately 75 liters of source water
and aerated using a Power Bubbles 12 Volt Air Pump (Marine Metal Products,
Clearwater, FL). I added 3 grams per liter of solar salt (i.e., NaCl) to reduce stress (Mims
2001).
Paddlefish were carried to their respective translocation site by two personnel.
Prior to release, fish were monitored for signs of severe stress (i.e., decreased opercular
movement, inability to maintain buoyancy or orientation, or abnormal swimming
activity) and released upon their ability to swim away freely. Movement throughout the
Noxubee Watershed is monitored through an acoustic array (see Chapter 1, Figure 2.2).

Evaluating Site Fidelity to the Pool Below the Bluff Lake Water Control Structure
Implementation of Experimental Flow Release
Paddlefish were given between 6 and 19 days to orient their new surroundings
depending on translocation date. Then, On January 31 through February 1, 2018, radial
gates for the Bluff Lake WCS were opened, with an estimated discharge of 17 cubic
meters per second for 24 hours and 5.6 cubic meters per second for the next 24 hours.
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These benchmarks were selected per recommendations from the Comprehensive
Conservation Plan for Sam D. Hamilton Noxubee National Wildlife Refuge, which
specifies an objective of providing a weekly water release at an estimated discharge rate
of 17 cubic meters per second for at least one eight-hour period (U.S. Fish & Wildlife
Service 2014).

Evaluating Spatial and Temporal Movement Patterns
To evaluate spatial and temporal movement patterns of adult Paddlefish within
the Noxubee watershed following translocation and experimental flow release, we placed
VR2W receivers at river-tributary junctions and confluences both on the Noxubee NWR
property and throughout the Noxubee River Watershed (Figure 2.2). These are passive
acoustic monitoring systems that log and decode transmitters operating at a 69-kHz
frequency when a tag is close enough to detect. We fixed acoustic receivers near the
substrate using constructed concrete blocks with upright expanded steel or reinforced bar
posts to ensure the hydrophone points towards the surface. The initial acoustic array was
deployed from January through March 2016 and additional receivers were added prior to
translocating Paddlefish in January 2018 to detect finer-scale immigration and emigration
from translocation sites along the Noxubee River. Data stored by acoustic receivers were
downloaded bi-monthly.
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Results
Capturing Adult Paddlefish Below the Bluff Lake Water Control Structure
During four sampling occasions to catch Paddlefish for translocation, I set 28 gill
nets in the pool below the Bluff Lake WCS. The average soak time was 64.3 minutes
(SD=24.4 minutes). Thirty-seven Paddlefish were captured between January 12, 13, 15,
and 25, 2018 and daily catch ranged between 4 and 20 fish (Table 2.1). Twenty-nine
unique Paddlefish were identified, 19 male, 9 female, and 1 presumably juvenile (See
Chapter 1 for sex determination procedures). Thirteen Paddlefish showed signs of ventral
scarring indicating previous surgical implantation of an acoustic transmitter but one was
recaptured on two sampling days.

Paddlefish Translocations to the Noxubee River
All acoustically tagged Paddlefish were inspected for the presence of an
operational transmitter prior to translocation. Four transmitters, all implanted in females,
were not detectable by the VR100 or VR2W placed in the live-well. We presume the
battery failed for three of the transmitters and the other was shed after implantation as it
was detected in the pool on the day of capture. The remaining eight Paddlefish were
detected in the live-well and eligible for translocation. Four individuals were placed at
both the up- and downstream sites, respectively (Table 2.2). Of the eight translocated
Paddlefish, seven were males. All Paddlefish were recovered in the Noxubee River and
released upon their ability swim freely.
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Evaluating Site Fidelity to the Pool Below the Bluff Lake Water Control Structure
Conditions along the Noxubee River and Oktoc Creek were passable prior to and
following translocation. Although the Noxubee River was not at bank-full conditions, no
exposed sand-bars or de-watered areas were visible between translocation sites.
Evaluation of passage conditions between the pool below the Bluff Lake WCS and the
Noxubee River showed a minimum water level of 0.27 m is needed to provide complete
connectivity (see Chapter 1).
Based on water levels recorded along Oktoc Creek (HOBO U20 Water Level
Logger, Onset Computer Corporation, Bourne, MA) (see Chapter 1) the minimum daily
water level between the start of translocations (January 12, 2018) and the experimental
flow release (January 31, 2018) ranged from 0.55 to 0.92 m. Thus, the minimum water
level recorded between the start of translocations and the experimental flow release was
more than two times the minimum water level needed to maintain connectivity between
the Bluff Lake WCS and the Noxubee River.

Implementation of Experimental Flow Release
The experimental flow release through the Bluff Lake WCS significantly
increased water levels in downstream areas (Figure 2.3). Within the first 24 hours of the
release at a discharge rate of 17.3 cubic meters per second, water level in Bluff Lake
decreased by approximately 0.5 m. Stage data below the pool showed an increase in the
maximum daily water level by 1.84 m along Oktoc Creek, which resulted in extensive
overland flooding. After reducing the discharge by lowering the radial gates to a
discharge of 5.6 cubic meters per second over the second 24-hour period, Bluff Lake
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water level decreased by an additional 0.15 m. Radial gates were closed on February 1,
2018 at 9:30 AM; however, water levels remained elevated due to frequent precipitation
events.

Evaluating Spatial and Temporal Movement Patterns
Acoustic receivers placed along the Noxubee River directly above and below
translocation sites monitored detections for fine-scale movement patterns of Paddlefish.
In the days following translocation to either up- or downstream sites, detections
indicating movement was high throughout the acoustic array. During the 6 to 19-day
period prior to the scheduled flow release, I detected variable movement patterns between
translocation sites for all eight Paddlefish. Within four days of being translocated, all fish
placed at the downstream site were detected at the upstream site, with most fish moving
within one day. Conversely, three of the fish that were placed at the upstream site were
detected at the downstream site with three days. Several fish periodically transitioned
between the sites indicating fine-scale movement throughout the acoustic array was
common.
No Paddlefish were transported to the same translocation site simultaneously;
however, three fish showed overlapping detections. Interestingly, all three were
translocated on January 12, 2018, two upstream and one downstream. The two fish that
were transported upstream were not caught in the same gill net sets and translocated
approximately 3.5 hours apart. Detections for these individuals overlapped at the acoustic
receiver placed at the downstream site on one day (January 25, 2018), 13 days post-
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translocation. Further telemetry data are needed to confirm if translocated Paddlefish are
traveling in an aggregation.
I observed movement into Oktoc Creek by two translocated Paddlefish. The first
fish, translocated above the confluence of Oktoc Creek and Noxubee River on January
12, 2018, was detected 20 days later by the acoustic receiver 2.97 rkm up Oktoc Creek
but not subsequently detected by any receivers further upstream. A female fish that was
translocated upstream on January 25, 2018, moved into Oktoc Creek 53 days later,
confirmed by detection in the pool below the Bluff Lake WCS. Stage along Oktoc Creek
was 2.0 m when immigration to the pool occurred.
None of the eight translocated Paddlefish returned to the pool below the Bluff
Lake WCS in response to the flow release. Additionally, my receivers did not detect any
emigration from the pool to the Noxubee River by downstream acoustic receivers.
However, frequent precipitation events required water to be discharged from the WCS
(Table 2.3) to lower Bluff Lake water level, which sustained stages greater than 2.0 m
along Oktoc Creek for 29 inconsecutive days (Figure 2.3).

Discussion
Translocating fish is common in fisheries. As many rivers in the U.S. have
experienced some form of river engineering to modify natural flow regimes, effective
strategies are needed to mitigate potential deletrious effects to fish populations.
Translocation has also been an effective management and mitigation tool for spatially or
genetically disjunct populations where connectivity often limits fish passage (Jager 2006;
Yamamoto et al. 2006; Jackson and Moser 2012; Boothroyd et al. 2017). Migratory
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fishes are particularly sensitive to the river regulation, including sturgeons and
Paddlefishes. Paddlefish often return to particular stream reaches or habitats seasonally,
presumably due to fidelity for particular habitat characteristics (Lein and Devries 1998;
Stancill et al. 2002; Firehammer and Scarnecchia 2007; Mettee et al. 2009).
Drivers of fidelity to particular areas or habitats by Paddlefish is well-documented
but poorly understood. In 2004, O’Keefe (2006) translocated two radio-tagged Paddlefish
to the lower Noxubee River, which were captured below the Bluff Lake WCS. One fish
returned to the small pool, during a low-water year when cues for movement were not as
strong. His observation provided support that in some circumstances, fidelity to a
particular area or stream reach can be strong for individual Paddlefish. Firehammer and
Scarnecchia (2006) reported similar findings for Paddlefish in Yellowstone River by 10
fish which displayed fidelity to particular staging reaches during variable flow years.
Following translocation of eight Paddlefish to sites above and below the
confluence of Oktoc Creek and the Noxubee River, fish frequently moved between sites.
All Paddlefish moved short longitudinal distances along the Noxubee River within the
first week following translocation. Nearly all fish moved past the site opposite of where
they were translocated within the first day (e.g., fish that were placed at the downstream
site were detected within one day at the upstream site, and vice versa). This behavior may
be a response to an unfamiliarity with new riverine surroundings, which would provide
support for my first hypothesis. Additionally, movement to the upstream site by fish
placed downstream may relate to olfactory senses where they were able to detect
conspecifics present upstream.
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Individual tendencies to display site fidelity are not well-understood. Con-specific
cues or regulated flows from the Bluff Lake WCS were hypothesized to drive high
abundances of Paddlefish to the pool. For some year-round residents, it was postulated
that stocked hatchery-origin Paddlefish had imprinted on the pool, leading to habituated
fidelity and the potential for a genetic sink. Fish that persist year round but do not spawn
are not contributing to gene flow, or the transfer of genetic variation from one population
to another, and therefore may decrease the overall genetic diversity of Paddlefish in the
Noxubee River watershed, including the TTW. Heist and Mustapha (2008) concluded
Paddlefish in the TTW were genetically distinct from other Paddlefish populations, likely
due to geographic seperation. Furthermore, the pool is one of the only areas in the upper
Noxubee River capable of supporting Paddlefish year-round due to de-watering along
many streams and depleted dissolved oxygen concentrations (Aboagye and Allen 2012).
But, it could not be determined whether any of the translocated Paddlefish were
previously stocked in this system. However, of the eight translocated Paddlefish, none
showed signs of strong migratory behaviors compared to other fish which moved
between the pool and Demopolis Lake, Alabama (see Chapter 1).
Site fidelity and flow attraction are not easily discernable for understanding
Paddlefish behavior and annual and seasonal habitat selection. Within the scope of this
study, to test the question of what drives fidelic behavior of Paddlefish at Noxubee NWR,
I hypothesized that fish placed below the confluence of Oktoc Creek would return to the
pool below the Bluff WCS prior to fish placed upstream. However, this hypothesis was
not supported by our results as the only fish to return to the pool was translocated to the
upstream site. This was also the only female Paddlefish translocated during my study,
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posing the question for sex-specific differences towards site fidelity. While it seems
reasonable to conclude that this fish showed clear fidelity to the pool, its return occurred
during a high flow event; therefore, flow attraction and fidelity are not discernable. It is
possible this individual was following environmental cues for the highest flow choice,
which were greater below the confluence of Oktoc Creek than in-stream flows along the
Noxubee River above. To test whether environmental cues are important for upstream
migration by Paddlefish, I hypothesized that Paddlefish placed upstream of the
confluence of Oktoc Creek and the Noxubee River would move further upstream to the
next barrier to movement in response to stream flow. However, only one fish remained
above the upstream translocation site and that individual was originally translocated to
the downstream site, thereby not providing support for my third hypothesis.
Genetic diversity among Paddlefish stocks is already low due to an intrinsically
low rate of genetic change, inbreeding, or reductions to population size (Carlson et al.
1992). Therefore, it is likely managers will opt for strategies to conserve genetic integrity
where possible. Spawning habitat has not been quanitified along Oktoc Creek or the
upper Noxubee River; however, based on personal observations and reports of suitable
habitat characteristics, it is unlikely they occur along Oktoc Creek but may be more
prominent in portions of the Noxubee River.
No acoustically tagged Paddlefish moved in response to the experimental flow
release; therefore, translocation may be an effective management strategy for decreasing
abundance where no reproduction is occuring. WCS operations may not be unduly
attracting Paddlefish if they are resident, hatchery-origin fish. Despite one Paddlefish
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returning to the pool, translocation was over 88% effective at removing Paddlefish from
the pool during the study period.
This study did not come without caveats. First, translocation sites were very close
in proximity to each other and the confluence of Oktoc Creek. This could have
confounded predictions 1 and 2 because of Paddlefish’s natural tendency to move and
swim towards current (Russel 1986). Secondly, flow releases from the Bluff Lake WCS
may still be an effective management strategy for promoting movement into the Noxubee
River; however, I was only able to conduct one flow release during the study. Assuming
flow releases are effective but only migratory fish will emigrate, flow releases may not be
effective in providing passage to the Noxubee River given a large, presumably resident
population.

Management recommendations
Future studies should aim to conduct more flow releases and conduct additional
Paddlefish translocations. If the objective is to use flow releases to promote emigration
into the Noxubee River, I recommend releases be conducted at variable discharge rates
and durations within and outside of the normal spring spawning months. Options for flow
releases may include the strategy stated in the Noxubee NWR Comprehensive
Conservation Report (i.e., 11.3 cubic meters per second for one 8-hour period per week
during the spawning period of Feburary 15 through May 1). This discharge rate will
likely result in overland flooding into the bottomland and a significant decrease in Bluff
Lake water level; therefore, lesser discharge rates which aim to maintain bank-full
conditions along Oktoc Creek, but do not result in overland flooding could also be
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implemented. This approach may provide opportunities for water to be released over a
longer period to maximize the probability of emigration. Regardless of release strategy,
managers should aim to provide stages of at least 1.5 m along the length of Oktoc Creek,
particulary when water temperatures are 10°C or greater (see Chapter 1). An adaptive
management framework could be further integrated to link Bluff Lake water control
structure operations with the downstream response along Oktoc Creek (e.g.,
understanding the change in stage along Oktoc Creek following a reduction of Bluff Lake
water level). Movement (i.e., emigration or immigration) can be monitored using the
existing acoustic array to monitor Paddlefish response to dynamic changes in Bluff Lake
water level management.
If the objective is to remove all Paddlefish from the below the Bluff Lake WCS,
managers should opt for manual translocatation. However, this method will likely require
several successive sampling efforts, significant logistical coordination and man-hours,
and also increases the risk of mortality for translocated Paddlefish. First, I recommend
identifying translocation sites on the Noxubee River which are further from the
confluence of Oktoc Creek than used in this study. Areas which are near bridges that
intersect the Noxubee River would likely be ideal for minimizing air-exposure during
transportation. The Noxubee River intersects Mahorner Road, in Macon, Mississippi
(33.019386, -88.459427) and is approximately half the distance between Noxubee NWR
and Gainesville, Alabama, where the Noxubee River enters the Tombigbee River at
Demopolis Lake. I suggest this location as a strong candidate for future translocation site
consideration as it also has a boat ramp for easy accessability. Because I documented
overlapping acoustic detections by three Paddlefish, which may suggest aggregating
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tendencies, I also suggest translocating all fish to the same location to minimize the effect
of conspecifics. Additionally, both flow releases and translocations could be used to take
advantage of migratory Paddlefish once optimal discharge rates are identified for
promoting emigration. Then, remaining Paddlefish could be manually removed beginning
in May after migratory fish have emigrated, supported by the timing of downstream
emigration in this study.

97

Tables
Table 2.1

Catch per unit effort (CPUE) and gill net metadata for Paddlefish caught
below the Bluff Lake water control structure as part of a Paddlefish
translocation study at Noxubee National Wildlife Refuge, Brooksville, MS.
Set

Effort
(minutes)

1
2
3
4
5
Total

58
51
94
47
107
357

1
2
3
4
5
Total

91
79
98
67
41
376

1
2
3
4
5
6
7
8
8
8
Total

54
66
40
71
60
48
69
124
20
61
613

1
2
3
4
5
6
7
8
Total

97
41
63
65
65
50
56
17
454

Catch

CPUE

Net size
Net
(cm)
placement
Sampling date: 01/12/2018
1
0.017 Bottom 12.70
Front
2
0.039 Bottom 12.70
Front
1
0.011 Bottom 12.70
Front
2
0.043 Bottom 12.70
Front
0
0.000 Bottom 12.70
Front
6
0.017
Sampling date: 01/13/2018
0
0.000 Bottom 12.70
Front
0
0.000 Bottom 12.70
Front
0
0.000 Bottom 12.70
Front
1
0.015 Bottom 12.70
Back
3
0.073 Bottom 12.70
Back
4
0.011
Sampling date: 01/15/2018
2
2.000 Bottom 12.70
Back
2
2.000 Bottom 12.70
Back
2
2.000 Bottom 12.70
Back
0
0.000 Bottom 12.70
Back
3
3.000 Bottom 12.70
Front
1
1.000 Bottom 12.70
Front
1
1.000 Bottom 12.70
Front
3
0.024 Bottom 12.70
Front
3
0.150 Surface 15.24
Back
3
0.049 Surface 15.24
Back
20
0.033
Sampling date: 01/25/2018
2
0.021 Bottom 12.70
Front
0
0.000 Bottom 12.70
Front
0
0.000 Bottom 12.70
Front
1
0.015 Bottom 12.70
Front
1
0.015 Bottom 12.70
Front
2
0.040 Bottom 12.70
Front
1
0.018 Bottom 12.70
Front
0
0.000 Bottom 12.70
Front
7
0.015
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Strata

Table 2.1 (Continued)
Total

1800

37

0.021

99

100

Translocation
site
Above
Below
Above
Below
Above
Below
Above
Below
A69-1303-11415
A69-1303-11538
A69-9001-20199
A69-1303-11530
A69-1303-11547
A69-9001-20202
A69-1303-11531
A69-1303-11545

Transmitter

Implantation
date
04/29/2016
01/05/2017
02/20/2016
01/20/2017
11/17/2016
02/20/2016
01/26/2017
12/15/2016

PIT tag
number
001005085868
001005085900
121021143833
001005085873
001005085816
121021193617
001005085901
001005085820

Floy
color
Orange
Gray
Gray
Blue
Gray
Gray
Gray
Gray

Floy
number
00074
12107
12072
00086
12124
12010
12075
12042

EFL
(mm)
949.33
846.14
969.96
974.73
855.66
823.91
857.25
833.44

M
M
M
M
M
M
F
M

Sex

Summary of Paddlefish translocations into the Noxubee River. All Paddlefish were caught below the Bluff Lake
water control structure, Noxubee National Wildlife Refuge, Brooksville, MS.

01/12/2018
01/12/2018
01/12/2018
01/13/2018
01/15/2018
01/15/2018
01/25/2018
01/25/2018

Date

Table 2.2

Table 2.3

Approximated discharge from the Bluff Lake radial arm gate water control
structure at Noxubee National Wildlife Refuge, Brooksville, MS.
Date

Discharge
(m3/s)
17.00
5.660
11.33
11.33
11.33
7.080

01/31/2018
02/01/2018
02/08/2018
02/09/2018
02/12/2018
02/15/2018
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Figures

Figure 2.1

Sites for Paddlefish Polyodon spathula translocation on the Noxubee River
and acoustic receiver array throughout Noxubee National Wildlife Refuge,
Brooksville, MS.

Translocation sites are indicated by black triangles, and acoustic receivers are indicated
by black dots. Bluff and Loakfoma Lakes are shaded in dark gray and Noxubee National
Wildlife Refuge is shaded in light gray.
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Figure 2.2

Locations of acoustic receivers, stage loggers, and temperature loggers
throughout Noxubee National Wildlife Refuge, Brooksville, MS.

Logger type can be found in the figure legend. Bluff and Loakfoma Lakes are shaded in
dark gray and refuge area is shaded in light gray.
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Figure 2.3

Plot of stage and temperature along Oktoc Creek below the Bluff Lake
water control structure, Noxubee National Wildlife Refuge, Brooksville,
MS.

The vertical dashed line represents an experiment flow release from the Bluff Lake water
control structure between January 31 and February 2, 2018.
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CHAPTER III
EVALUATING SPAWNING SUCCESS OF PADDLEFISH POLYODON SPATHULA
VIA EGG OR LARVAL CAPTURE BELOW THE BLUFF LAKE
WATER CONTROL STRUCTURE
Introduction
Reproductive activity in Paddlefish Polydon spathula has been linked to a suite of
environmental characteristics necessary for successful spawning. The alignment of water
temperature, elevated discharges, and photoperiod are believed to cue spawning
migrations during spring months. However, in regulated systems, altered flow regimes
can suppress environmental migratory and spawning cues (Purkett 1961; Russel 1986;
Unkenholz 1986; Lein and DeVries 1998; Paukert and Fisher 2001; Stancill et al. 2002;
Firehammer and Scarnecchia 2006). In general, the importance of environmental
conditions is not well understood and may vary among Paddlefish stocks (Jennings and
Zigler 2009).
Paddlefish spawning is typically preceded by an upstream migration toward
spawning areas. Reproductively mature adults then stage or congregate in deep waters
near spawning areas. Males tend to ascend to spawning locations before females, usually
following an increase in water flow and suitable water temperatures, which have been
reported to be between 10 and 20°C (Purkett 1961; Pasch et al. 1980; Russel 1986; Lein
and DeVries 1998; Firehammer et al. 2006; Stancill et al. 2002). Populations may
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aggregate in only a few spawning sites, or disperse to many suitable areas depending on
quality, quantity, and accessibility (Russel 1986; Stancill et al. 2002; Zigler et al. 2003;
Firehammer et al. 2006). Spawning activity may be aborted or not attempted if any
criterion for spawning is not met (Paukert and Fisher 2001).
Paddlefish may not spawn annually. While males are able to spawn each year,
many females express spawning periodicity, or intervals between spawnings (Jennings
and Zigler 2009). Meyer (1960) concluded females spawn every four to seven years in
Iowa and South Dakota waters of the Mississippi River, while females in the state of
Missouri may make spawning runs every two to three years (Russel 1986; Braaten et al.
2009). In the lower Tennessee River and Alabama River drainages, some or all females
may spawn annually (Lein and DeVries 1998; Scholten and Bettoli 2005), whereas in
other systems, ova maturation may take between two to five years. Russel (1986)
hypothesized resource limitation and mobilization may drive spawning periodicity due to
the extensive energy required to develop large egg masses. Females are highly fecund so,
although spawning may not take place annually, one strong year class can support the
population for many years (Scarnecchia et al. 2009).
The general requirements for successful reproduction in the wild have been
described by Jennings and Zigler (2009); however, spawning site characteristics may not
be consistent among stocks. The first detailed account concerning the timing and location
of spawning was given by Purkett (1961) for Paddlefish in the Osage River, Missouri,
where he observed spawning over gravel bars and subsequently collected eggs and
larvae. Since that observation, spawning has been documented over well-swept hard
substrates (e.g., rock, gravel, rubble, cobble) in free-flowing sections (Zigler et al. 2004),
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impounded reaches (Ruelle and Hudson 1977; O’Keefe 2006; O’Keefe et al. 2007;
Donabauer et al. 2009), and below tailwaters of large Gulf of Mexico tributaries (Pasch et
al. 1980; Wallus 1986; Lein and DeVries 1998). Eggs were collected from the lower
Yellowstone River, Montana, in sand dominated reaches (Firehammer et al. 2006),
highlighting the variability in spawning habitat characteristics.
Characterization of spawning sites is complicated by the difficulty in detecting
early life stages. Following broadcast gamete release and fertilization, eggs immediately
develop an adhesive outer coating and singularly drift with the current until they lose
buoyancy and adhere to hard substrates (Purkett 1961; Russell 1986). Hatching time
depends on water temperature and often occurs between 6 and 14 days at temperatures
between 11 and 21°C (Purkett 1961; Yeager and Wallus 1982; Graham et al. 1986). A
variety of sampling devices have been used to collect eggs, including dredges (Purkett
1961), mat-style samplers (O’Keefe 2006; O’Keefe et al. 2007; Firehammer et al. 2006),
tubular buoyant devices (Firehammer et al. 2006), ichthyoplankton nets (Wallus 1986;
Donabauer et al. 2009) and epibenthic sleds (Pasch et al. 1980). Following emergence,
prolarvae (i.e., newly hatched fish that rely on a yolk sac for nutrition) passively drift in
the water current, as their fins and musculature are not developed for maintaining
positioning and orientation in the water column (Jennings and Zigler 2009). Prolarvae
passively drift in-stream and drift distance cannot be generalized between populations or
years because of variability in stream flows among habitats and years. Likewise, the
presence of larvae is indicative of successful spawning activity upstream but does not
indicate that the immediate location is a spawning site.
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Reproductive dynamics have not been described for all Paddlefish populations
throughout their range. Specifically, little information is available concerning
reproduction throughout the Tennessee-Tombigbee Waterway (TTW) and its tributaries,
in northeast Mississippi and western Alabama. Most information about Paddlefish in this
was provided by O’Keefe (2006). The Noxubee River is a tributary of the TTW and
enters Demopolis Lake below the Gainesville Lock and Dam, Alabama. Paddlefish in
Demopolis Lake are believed to move up the Noxubee River to spawn, which was
confirmed in lower reaches by O’Keefe (2006). The extent of their upstream migration
towards spawning areas is unknown; however, Paddlefish are known to move between
Demopolis Lake and Sam D. Hamilton Noxubee National Wildlife Refuge (Noxubee
NWR), Brooksville, MS, (see Chapter 1; O’Keefe 2006) which also supports a
population of Paddlefish below a water control structure. Fish in this area are known to
either migrate in and out of the small below pool below Bluff Lake, primarily during
spring months, or remain year-round (see Chapter 1). Refuge managers were concerned
this population may be a genetic sink and an ecological trap if fish are being attracted by
regulated flows but conditions are not favorable for successful reproduction. Long-term
recruitment failure may contribute to an overall loss of genetic diversity. If spawning is
not occurring in this system, changes to current Paddlefish and water level management
practices throughout the refuge may be necessary. In this study, I combine three years of
information detailing efforts to document spawning activity and reproductive success for
a Paddlefish population at Sam D. Hamilton Noxubee National Wildlife Refuge, located
in northeast Mississippi. The objective of this study was to evaluate Paddlefish spawning
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success via egg or larval capture in Oktoc Creek below the Bluff Lake water control
structure.
Study Area
Noxubee NWR, Brooksville, Mississippi, was established June 14, 1940, and is
located in three counties in east-central Mississippi (Noxubee, Oktibbeha, and Winston).
Noxubee NWR spans 19,514 hectares. Approximately 17,200 hectares of the refuge are
bottomland and upland forests. Noxubee NWR is located within the Noxubee watershed,
a sub-basin of the Mobile Basin, and contains 40 kilometers of the main-stem Noxubee
River and 89 kilometers of tributaries (Figure 3.1) (U.S. Department of the Interior
2014). The hydrologic regime of the Noxubee River has undergone few anthropogenic
alterations, except the impoundments formed by Bluff (486 hectares) and Loakfoma (243
hectares) Lakes on tributary streams, Oktoc and Loakfoma Creeks (Calloway 2010). The
Noxubee River originates within the Tombigbee National Forest and the Noxubee NWR,
extending approximately 160 km (121 km in Mississippi and 40 km in Alabama) to
Gainesville, Alabama, where it joins the Tombigbee River (Hubbard 1987; Calloway
2010). Bedrock, sand, and mud dominate the substrate material of the Noxubee River
(Hubbard 1987). Calloway (2010) also documented large quantities of wood debris along
the mainstem and tributaries. The water is turbid throughout the river except for the upper
reaches of the main-stem Noxubee River (Calloway 2010). During winter and spring
months, it is not uncommon for the river and tributaries to overtop their banks and extend
into the floodplain (Calloway 2010).
A radial gate water control structure (WCS) maintains Bluff Lake water level and
outflow that are managed to achieve refuge objectives. The Comprehensive Conservation
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Plan for Noxubee NWR highlights specific objectives regarding Paddlefish management
throughout the refuge. Objective A.7.3 states to “support existing populations of
paddlefish by manipulating water flow from the lakes during the key spring spawning
migration periods of February 15 to May 1.” To meet those objectives, the refuge
proposes to protect Paddlefish from illegal harvest and increase water levels along Oktoc
Creek by releasing water from the Bluff Lake WCS at a discharge rate of 11.3 cubic
meters per second of water for at least one eight-hour period (U.S. Department of the
Interior 2014). The WCS has seven bays, five of which are fitted with radial arm gates
and two with fixed-height stage boards. Water released over the spillway flows into a 0.8hectare pool, which supports an abundant Paddlefish population (see Chapter 1), and
joins Oktoc Creek, a tributary of the Noxubee River. The Noxubee River enters the
Tennessee-Tombigbee Waterway near Demopolis, AL, which also supports a Paddlefish
population. Sampling has been on going in and around the Demopolis Lake region by the
Alabama Game Fish Division. Fish tagged in this area can move upstream into the
Noxubee Watershed (O’Keefe 2006; O’Keefe et al. 2007).

Methods
The presence of Paddlefish eggs and larvae downstream of the Bluff Lake WCS
would indicate successful upstream spawning. Passive sampling for eggs and larvae using
egg collection devices (ECD’s) and larval drift nets have been effective in capturing early
life stages which are difficult to detect (O’Keefe et al. 2007; Braaten et al. 2009).
Detecting Paddlefish eggs would provide support that Oktoc Creek and the spillway pool
contain adequate spawning habitat and conditions to facilitate natural spawning.
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However, failure to detect Paddlefish larvae may suggest spawning did not occur or
viable rearing habitat may be absent thereby inhibiting larval development.

Egg Collection
Spawning success was evaluated using egg collection devices. Egg collection
devices (ECDs) are designed to capture fertilized, adhesive Paddlefish eggs drifting in the
water column. I constructed ECDs, using Spawntex spawning mats composed of natural
coconut fibers that were 50.8 mm thick by 609.6 mm wide (Pentair Aquatic Eco-Systems,
Inc, Apopka, FL). Spawntex was wrapped around 72 mm diameter polyvinyl chloride
(PVC) piping. PVC ends were capped to trap air and remain buoyant in the water
column, and ECDs were anchored to the substrate using concrete cinder blocks. Four
vertical and two horizontal ECDs, constructed using the same design but with different
weight attachment points (i.e., at the bottom for vertical ECDs and in the middle for
horizontal ECDs), were deployed in the pool below the WCS and sampled continuously
from February 26 to May 8, 2017 (Table 3.11) (Figure 3.2). While the capture efficiency
is the same between collector styles, vertical ECDs were designed to observe the water
column strata of passively drifting eggs, whereas horizontal ECDs were designed to
capture demersal eggs. In 2018, three vertical and two horizontal tubular-style ECD’s,
and six mat-style devices sampled continuously from February 2 to May 1 (Table 3.1)
(Figure 3.2). Mat-style devices were originally constructed by O’Keefe (2016), using
latex-coated hog hair filter material 63.5 cm wide by 2.54 cm deep, wrapped around a
63.5 cm square angle iron frame. Two independent inspectors searched ECDs for the
presence of Paddlefish eggs for five minutes each. We checked all ECDs weekly
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corresponding with gill net sampling for adult Paddlefish. Effort was quantified as the
number of sampler days (i.e., the number of days ECDs sampled consecutively).

Larvae Collection
Successful sampling of drifting larval Paddlefish is indicative of successful
spawning and larval rearing. I focused drift net efforts at three sites along Oktoc Creek,
downstream of the Bluff Lake WCS (Figure 3.3). Drift net sites were not randomly
selected along the entire river extent due to inadequate flow conditions in downstream
reaches along Oktoc Creek during spring and summer months. I selected sites where the
current was sufficient to suspend the net, typically below logjams and rip-rap. Nets were
constructed from 363-µm nitrex and were 991 mm in length, 457 mm wide, with a 305mm tall frame (Wildco, Yulee, FL). Captured organisms were flushed into a 200-mL
Dolphin bucket attached at the cod end of the net. Drift nets were sampled from June 8 to
August 11, 2016, March 15 to April 28, 2017, and March 7 to May 1, 2018 and fished
consecutively (Table 3.2). I used multiple temporal replicates to maximize the likelihood
of capturing eggs or larval Paddlefish. Nets were typically placed in the thalweg for
fixed, stationary sites and fished from the surface, down, or substrate, up. I fixed nets
either with upright steel posts or concrete weights. For surface tows, I attached a
polyethylene foam buoy (i.e., a pool noodle) to the net frame to suspend the net, and the
net was allowed to drift either 6.1 or 7.6 m downstream in the thalweg until it was
retrieved. Sampling occurred one or two times weekly depending on catch rates and flow
conditions. In some cases, nets were left to fish overnight between one and three days
depending on flow conditions and detrital loads in 2018 (Table 3.2). I also fished
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opportunistic drift nets along Oktoc Creek and the Noxubee River, however effort was
not recorded for this sampling.
I measured flow at larval drift net sites when water depth permitted. Flow was
measured in the swiftest part of the site by timing the number of seconds it took a
neutrally buoyant object to travel between 20 or 25 m. The procedure was repeated
between five and seven times to determine an average flow rate (Calloway 2010).

Results
Egg Collection
No Paddlefish eggs were detected on ECDs placed in the pool below the WCS.
In 2017 and 2018, ECDs sampled for 72 sampler days (over 1,700 hours each), and 89
days (over 2,100 hours each), respectively (Table 3.1). Water temperatures immediately
downstream of the pool were between the thermal window for spawning (i.e., between 10
and 20°C) (Purkett 1961; Pasch et al. 1980; Russel 1986; Lein and DeVries 1998;
Firehammer et al. 2006; Stancill et al. 2002) for all 72 sampler days in 2017 and 58 days
in 2018.
In 2017, I was unable to recover one verticle ECD (Table 3.1) after the WCS was
opened April 5-6, 2017 due to a large precipitation event on April 2-3, 2017 (cumulative
precipitation=7.75 cm). This resulted in extremely high water levels below the WCS and
swift currents from discharge which likely shifted the achor and buoy into submerged
woody debris. Following ECD deployment in 2018, we were unable to retrieve six ECDs
(ID= 1, 2, 3, 10, and 11) due to high water levels (Table 3.1). High water submerged
floats making it impossible to examine ECDs. On January 31 through February 1, 2018,
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we conducted a flow release from the Bluff Lake WCS, which elevated the stage by 1.84
m (see Chapter 2). Following the release, precipitation events occurred approximately
weekly, maintaining high water levels and preventing ECD retrieval. However, one ECD
was recovered downstream along Oktoc Creek. I determined the attachment point
between the ECD and weight broke allowing it to drift downstream; however, I was
unable to determine if a similar scenarios occurred for the remaining ECDs.

Larvae Collection
In 2016 through 2018, drift nets cumulatively fished for approximately 509, 463,
and 17,280 minutes, respectively (Table 3.2). Effort was not recorded for opportunistic
net tows along Oktoc Creek and the Noxubee River. My drift netting efforts did not result
in the capture of any larval Paddlefish, but I successfully collected other larval fish. I did
not attempt to quantify differences in larval catch rate among years, locations, or strata
sampled. Due to high water, flow measurements could not be obtained for each sampling
event.

Discussion
From my results, it does not appear that Paddlefish spawned below the Bluff Lake
WCS in 2016 through 2018. I did not detect any Paddlefish eggs in ECDs. However, the
presence of many small green eggs, approximately 1 mm in diameter, were found on both
ECD designs indicating ECDs were effective at catching eggs but perhaps not Paddlefish
eggs. However, sexually mature Paddlefish were present during their presumed spawning
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period. During surgical implantation of acoustic transmitters, mature gray-black eggs
were collected from 14 females caught during gill net sampling in the pool from
December 16, 2016 through March 23, 2018. One conclusion may be that females did not
release eggs throughout the duration of my study.
Successful Paddlefish reproduction in the Noxubee and Tombigbee Rivers
provides evidence for suitable spawning conditions. Reproduction was documented in
Demopolis Lake on March 30, April 6, and April 16, 2005, and from the lower portion of
the Noxubee River on April 13, 2005 (O’Keefe 2006; O’Keefe et al. 2007). Eggs were
collected over coarse sand, gravel, and bedrock dominated substrates. One egg collected
from the Noxubee River was transported to a laboratory, successfully hatched, and
identified as a Paddlefish. At successful spawning sites in Demopolis Lake, flow ranged
from 0.39 to 1.09 m/s on April 6, 2005, and was recorded at 0.99 m/s in the Noxubee
River on April 13, 2005. In Demopolis Lake, most eggs were caught when water
temperatures were between 18.0 and 19.4°C. Temperatures corresponding to egg capture
documented by O’Keefe (2006) were similar to temperatures in my study area over the
same dates. Therefore, I assume spawning at Noxubee NWR would occur under similar
environmental and habitat conditions.
Reproduction has been documented in the lower reaches of the Noxubee River by
fish that reside in Demopolis Lake; however, migration between Noxubee NWR and
Demopolis Lake have been confirmed by acoustic detections (see Chapter 1; O’Keefe
2006). It is reasonable to assume that successful reproduction in Oktoc Creek would
depend on similar conditions (e.g., timing, flow, temperature, and substrate) as was
documented by O’Keefe (2006). Flows and water temperature during my study aligned
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with that which was reported by O’Keefe (2006), but based on personal observations, the
substrate along Oktoc Creek is dominated by a sand-silt mixture. High inputs of course
woody debris intersect the stream channel and suspended solid loads result in highly
turbid waters, although these metrics were not quantified. While some reaches along
Oktoc Creek are lined with steep limestone banks, these substrates are relatively smooth
and therefore would not likely provide suitable habitat for egg adherance and embryonic
development. In the case where eggs do not adhere to hard substrates, they may be
covered with detritus prior to settling. Some Acipenser spp. eggs are very resilient and
can tumble in the substrate after settling yet remain viable (M. Colvin, Mississippi State
University, pesonal communication); therefore, even if eggs did not adhere, they may
have still be viable. Additiaonlly, swift currents during periods of high flow and a lack of
predictable slack-water larval rearing environments may not be present along Oktoc
Creek during all years. Although the Noxubee River and tributaries frequently exceed
bank-full conditions during spring months (Calloway 2010), flooding into bottlomland
forests is ephemeral and water typically recedes quickly pending no further precipitation
to sustain high water levels. De-watering of the floodplain likely happens before larval
incubation and hatching could occur.
The pool below the Bluff Lake WCS is one of the only areas along Oktoc Creek
that may meet spawning requirements for Paddlefish; however, it seem unlikely that
spawning occurred over this study. This area is characterized by areas of deep water,
exceeding 10 m during normal pool conditions and features some of the only seemingly
adequate spawning substrates in this system. Large rock and rip-rap line the spillway
apron and are believed to be suitable spawning habitat for mature Paddlefish. Relying on
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the assumption that spawning was occurring, refuge managers hypothesized this pool
could be supporting the population at a regional scale (S. Reagan, USFWS, personal
communication). However, my inability to document early life stages (i.e., eggs or
larvae) via ECD’s or larval drift nets downstream suggests some critical component
needed for successful reproduction is not met in the pool during the study period.
Paddlefish are long-lived, greater than 30 years in some portions of their
distribution (Purkett 1963; Scarnecchia et al. 1996); therefore, individual populations
may remain stable even though successful spawning may not occur annually. On June 16,
2016, a deceased Paddlefish was reported in the pool below the WCS. The cause of death
was presumably asphyxiation from gill net mesh which was entangled around the head
and buccal cavity. This individual was not marked from previous gill net sampling in the
pool. After a necropsy, I determined the sex to be female based on ovary maturation and
large, black eggs. This individual may have not spawned in 2016 because a large volume
of eggs were still present in the ovary. Within the context of Acipenseriform life history,
spawning periodicity is common when in-stream conditions do not align with
environmental conditions (Bemis and Kynard 1997). In such cases, annual spawning
success and recruitment may be zero (Bemis and Kynard 1997). Several studies have
documented spawning periodicity for Paddlefish populations (Meyer 1960; Russel 1986;
Lein and DeVries 1998; Scholten and Bettoli 2005; Braaten et al. 2009; Scarnecchia et al.
2009). Scarnecchia et al. (2009) found that a sharp rise in water level of Lake Sakakawea,
a mainstem reservoir of the Missouri River, North Dakota, produced a strong year class
in 1995 which dominated the population throughout the remaining 11 years of their
study. Therefore, reproduction under favorable conditions can support populations for
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many years while unsuitable conditions can result in aborted spawning migrations
(Paukert and Fisher 2001) and egg resorption (Stockard 1907; Russel 1986). O’Keefe et
al. (2009) identified 12 years as the maximum age of Paddlefish in Demopolis Lake;
therefore, failure to document spawning between 2016 and 2018 may not indicate a
population crash given the long-lived nature of Paddlefish. If spawning occurred under
favorable conditions in the years preceding or following my study, the Paddlefish
population at Noxubee NWR may be stable.
It has been suggested that Paddlefish may spawn below the WCS, where large
rocks are present and water is deep and well-oxygenated; however, considering no early
life stages were captured, it does not seem spawning occurred during this study. Multiple
lines of evidence support my deduction that spawning did not occur between 2016 and
2018. Many Paddlefish in the pool were reproductively mature, as confirmed by the
presence of large gray-black eggs during surgical implantation, an autopsy results from
June 2016 indicated that a deceased female did not appear to have spawned the previous
spring. I caveat autospy results by stating that this individual likely experienced extreme
physiological stress due to asphsixiation from gill net mesh around the buccal cavity,
which could have precluded her ability to spawn the previous spring. ECDs were
effectively sampling when water temperatures were within the optimal thermal range for
spawning (i.e., between 10 and 20°C) and drift netting was conducted concurrently to
capture larval hatchlings. As no eggs and larvae were collected in ECDs or larval drift
nets despite extensive sampling effort, and successful collection of heterospecific early
life stages, I believe at the time scale of this study, this pool is lacking some critical
component for facilitating spawning.
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Management recommendations
Continued sampling for eggs and larvae is necessary to determine whether
reproduction is occuring in the pool below the Bluff Lake water control structure.
Sampling for eggs and larvae should occur using methods similar to those described in
this study. It may be important to characterize substrate composition and habitat
availability in the pool and along Oktoc Creek. If suitable habitat is found to be lacking,
and the objective is to promote spawning in these areas, supplemental habitat, such as
gravel or cobble could be added. Additonal sampling effort will be needed in areas which
receive supplemental habitat to evaluate the effectiveness of the management action.
However, this system experiences high sediment loads throughout the year therefore,
habitat should be added in areas that are well-swept with current to prevent egg siltation
and are likely to be accessible during the presumed spawning season.
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Table 3.1

Effort for egg collection devices (ECD) sampled below the Bluff Lake
water control structure, Noxubee National Wildlife Refuge, Brooksville,
MS.
ECD
ID

Deployment
date

1
2
3
4
5
6

02/26/17
02/26/17
02/26/17
02/26/17
02/26/17
02/26/17

No. sampler
days
2017
83
35
83
83
83
83

ECD
style

Orientation

Tubular
Tubular
Tubular
Tubular
Tubular
Tubular

Horizontal
Vertical
Vertical
Horizontal
Vertical
Vertical

2018
1
02/01/18
Mat
2
02/01/18
Tubular Horizontal
3
02/01/18
Mat
4
02/01/18
89
Tubular
Vertical
5
02/01/18
89
Tubular
Vertical
6
02/01/18
89
Tubular
Vertical
7
02/01/18
89
Mat
8
02/01/18
89
Mat
9
02/01/18
35
Mat
10
02/01/18
Tubular
Vertical
11
02/01/18
Mat
Missing values represent ECDs that could not be retrieved after deployment; therefore,
effective sampling effort could not be recorded.
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Table 3.2

Effort for larval drift nets sampled along Oktoc Creek immediately
downstream of the Bluff Lake water control structure, Noxubee National
Wildlife Refuge, Brooksville, MS.
Sample
date

No. temporal
Strata Effort
Drift
Flow
replicates
(mins) method
(m/s)
2016
06/08/16
3
Surface
271
Fixed
1.24
07/14/16
6
Surface
42
Fixed
1.56
07/20/16
7
Surface
49
Fixed
1.74
07/28/16
7
Surface
49
Fixed
1.56
08/05/16
7
Surface
49
Fixed
1.52
08/11/16
7
Surface
49
Fixed
Total
509
2017
03/15/17
4
Surface
121
Fixed
2.83
03/24/17
2
Bottom
62
Fixed
2.83
03/24/17
2
Surface
60
Fixed
1.67
03/31/17
12
Surface 49.4
Tow
04/14/17
12
Surface 53.6
Tow
1.56
04/21/17
15
Surface 62.5
Tow
04/28/17
12
Surface 59.8
Tow
Total
463.3
2018
03/07/18
2
Surface
60
Fixed
03/07/18
2
Bottom
60
Fixed
03/15/18
2
Surface
60
Fixed
03/15/18
2
Bottom
60
Fixed
03/21/18
1
Surface 1380
Fixed
03/21/18
1
Bottom 1380
Fixed
04/12/18
1
Surface 1380
Fixed
04/12/18
1
Bottom 1380
Fixed
04/13/18
1
Surface 1440
Fixed
04/13/18
1
Bottom 1440
Fixed
04/14/18
1
Surface 1440
Fixed
04/14/18
1
Bottom 1440
Fixed
04/15/18
1
Surface 1440
Fixed
04/15/18
1
Bottom 1440
Fixed
04/19/18
1
Surface 1440
Fixed
04/19/18
1
Bottom 1440
Fixed
Total
17,280
Missing values represent ECDs that could not be retrieved after deployment, therefore
effective sampling effort could not be recorded.
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Figure 3.1

Noxubee River watershed study area, located in Mississippi and Alabama.

The Noxubee River extends approximately 160 km to Gainesville, Alabama, where it
joins the Tombigbee River. The dashed oval represents the suspected source of
Paddlefish migrating to the refuge.
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Figure 3.2

Distribution of egg collection devices (ECDs) throughout the pool and
Oktoc Creek below the Bluff Lake water control structure at Noxubee
National Wildlife Refuge, Brooksville, MS.

Tubular-style devices are represented by circles and mat-style devices are represented by
squares. Sampling locations for 2017 are indicated by dashes and locations for 2017 are
indicated by solids.
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Figure 3.3

Locations of drift net sites for Paddlefish Polyodon spathula at Noxubee
National Wildlife Refuge, Brooksville, MS.

Bluff and Loakfoma Lakes are shaded in dark gray and refuge area is shaded in light
gray.
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GENETIC TISSUE SAMPLE METADATA
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Tissue Sample Collection
The genetic structure of Paddlefish, especially at the inter-basin level, is not well
understood. Therefore, I collected a 2 cm by 2 cm fin clip tissue sample from the left
pectoral fin, for all individuals captured after April 13, 2017. I preserved all fin clips in
95 % EtOH (i.e., ethanol) and stored them at 4°C for future analysis (E.J. Heist, Southern
Illinois University, personal communication).
Table A.1

Metadata for tissue sample collection for Paddefish Polyodon spathula
caught below the Bluff Lake water control structure, Noxubee National
Wildlife Refuge, Brooksville, MS.

Tissue
ID
001
002
003
004
005
006
007
008
009
010
011
012
013
014
015
016
017
018
019
020
021
022

PIT tag
number
1005085889
1005085881
1005085852
1005085819
1005085824
1005085821
1005085822
121021193617
1005085895
1005085880
1005085816
1005085888
1005085825
121021123518
1005085861
1005085841
121021188130
1005085874
1005085819
2260007223
121021186697
226000207213

Eye-to-fork
length (mm)
876.30
977.90
1003.30
901.70
889.00
952.50
901.70
844.55
1016.00
1041.40
838.20
990.60
965.20
1003.30
939.80
1009.65
968.38
889.00
915.99
1066.80
915.99
911.23
132

Collection
date
06/20/17
06/20/17
06/20/17
04/13/17
04/13/17
04/20/17
11/07/17
11/07/17
11/07/17
11/07/17
11/29/17
11/29/17
11/30/17
11/30/17
11/30/17
12/08/17
12/08/17
12/08/17
12/08/17
01/05/18
01/05/18
01/05/18

Table A.1 (Continued)
023
024
025
026
027
028
029
030
031
032
033
034
035
036
037
038
039
040
041
042
043
044
045
046
047
048
049
050
051
052
053
054
055
056
057
058
059
060

1005085845
226000207230
226000207283
1005085851
1005085827
1005085860
226000207241
226000207291
1005085804
1005085868
1005085836
121021143833
1005085867
226000207252
1005085900
1005085873
1005085876
121021193617
226000207253
226000207262
226000207274
226000207272
1005085823
1005085831
1005085896
226000207240
1005085849
1005085869
1005085821
1005085901
1005085803
226000207280
226000207251
1005085834
1005085812
1005085875
1005085844
226000207297

923.93
1047.75
1060.45
965.20
993.78
920.75
906.46
898.53
938.21
949.33
960.44
973.14
876.30
914.40
846.14
974.73
950.91
823.91
981.08
1355.72
1000.12
1087.44
873.13
889.00
896.94
846.14
1454.15
901.70
982.66
860.43
955.68
590.55
857.25
927.10
946.15
871.54
652.46
877.89
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01/05/18
01/05/18
01/05/18
01/05/18
01/05/18
01/05/18
01/05/18
01/05/18
01/05/18
01/12/18
01/13/18
01/12/18
01/13/18
01/13/18
01/12/18
01/13/18
01/12/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/15/18
01/25/18
01/25/18
01/25/18
01/25/18
02/02/18
02/02/18
02/02/18
02/02/18
02/16/18

Table A.1 (Continued)
02/16/18
061
1005085891
971.55
02/22/18
062
1005085829
901.70
02/22/18
063
1005085898
903.29
02/22/18
064
1005085865
965.20
02/22/18
065
1005085848
939.80
02/22/18
066
1005085842
996.95
03/02/18
067
1005085806
858.84
01/25/18
068
1005085820
833.44
03/08/18
069
1005085854
949.33
Fin clips were approximately 2-cm by 2-cm and taken from the left pectoral fin.

134

APPENDIX B
SAMPLING FOR PADDLEFISH ON THE NOXUBEE RIVER
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Introduction
Paddlefish accounts in the Noxubee River, which now flows through Noxubee
National Wildlife Refuge, date back to the 1800’s. Through frequent gill net sampling
below the Bluff Lake water control structure, I documented year-round presence of
Paddlefish. However, none of my efforts have focused on sampling the Noxubee River.
Portions of the Noxubee River may be favorable for Paddlefish seeking staging and
spawning areas in early spring months.

The objectives of this study were to:
1. Document adult Paddlefish presence in the Noxubee River using gill nets.
2. Document larval Paddlefish in the Noxubee River using drift nets.
Methods
Gill Net Sampling for Adult Paddlefish
Adult Paddlefish capture gear consisted of a gill net which was 30.5 m long, 3.7 m
deep, hobbled to 2.4 m, and fitted with a 12.7 mm diameter braided poly foam core float
line and a 6.4 mm lead core line (Memphis Net & Twine Company Inc. Memphis, TN).
The net was hung with 127.0 mm bar-mesh multifilament webbing and stretched across
the Noxubee River (N 33.288594, W 88.759012) (Figure B.1). The net was fished for
approximately five hours. Sampling took place downstream of a known limestone deposit,
on April 14, 2017. We selected this date based off of suspected spawning movements by
nine other Paddlefish between 2016 and 2017.
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Drift Net Sampling for Larval Paddlefish
I used drift nets to sample for larval Paddlefish passively drifting in the water
column along the Noxubee River. Site selection was opportunistic and occurred below a
known limestone-gravel deposit. Sampling took place between gill net sets. Nets are
constructed from 363-µm nitrex and are 991 mm in length, 457 mm wide, with a 305 mm
tall frame. Captured organisms were flushed into a 200-mL Dolphin bucket at the cod end
of the net. A float was fixed across the top of the frame and a 6-m bridle was attached at
all corners. I placed the net in the thalweg and allowed it to float on the surface,
downstream. Once it was fully extended (i.e., the length of the bridle), I towed the net
upstream and checked the bucket for larval fish. I repeated this protocol at each site, 18
times.
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Tables
Table B.1

Species bycatch during gill net sampling for Paddlefish Polyodon spathula
along the Noxubee River, Noxubee National Wildlife Refuge, Brooksville,
MS.
Common Name

Scientific Name

Count

Common Carp
Cyprinus carpio
1
Alligator Snapping Turtle Macrochelys temminckii
1
Net mesh size was 127-mm, bar measurement. Sampling was conducted on April 14,
2017.
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Figures

Figure B.1

Gill net sampling location (indicated by the black circle) on the Noxubee
River, Noxubee National Wildlife Refuge, Brooksville, MS (shaded in light
gray).
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APPENDIX C
BACKPACK ELECTROFISHING FOR JUVENILE
PADDLEFISH POLYODON SPATHULA
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Introduction
Attempts to identify early life stages of Paddlefish (i.e., eggs and larvae) were
unsuccessful in 2016 despite significant effort. Portions of Oktoc Creek, seasonally
connected side-channels, and oxbows like Halbert Lake, have been suggested as potential
larval interception and rearing areas (Aboagye and Allen 2012). However, no early life
stages have been captured in these areas. Electrofishing has been suggested as an
effective method for collecting larval Paddlefish. Henry et al. (2004) found Paddlefish
were immobilized within five seconds (s) by a voltage gradient of 16 volts per centimeter
(V/cm) and after 10-20 s by a gradient of 8 V/cm. They recovered quickly after
electroshock and remained immobilized for less than 30 s. No electroshock-induced
mortality was exhibited in this study. Other studies used boat-mounted electrofishing to
collect young Paddlefish.
Assuming spawning occurred in the spring 2016, I expected active sampling
would increase the likelihood of documenting larval Paddlefish present in areas
downstream of the Bluff Lake water control structure. Lein and Devries (1998) suggested
spawning in Alabama River drainages took place between March and April and collected
drifting larvae in March through May. Therefore, if spawning occurred below the Bluff
Lake water control structure in 2016, I expected any young-of-year Paddlefish were
sufficiently large (> 17 mm) (Jennings and Zigler 2009) to be vulnerable to
electrofishing.

The objectives of this study were to:
1. Sample larval and juvenile Paddlefish in Oktoc Creek.
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Methods
Electrofishing for Juvenile Paddlefish
Larval Paddlefish passively drift in the thalweg until they are able to maintain
their position and feed exogenously. Near this time, Paddlefish may no longer be
susceptible to capture in passive drift nets. Sampling occurred from October to December
2016. I used one-pass backpack electrofishing to sample sites that corresponded to
Paddlefish passage sites along Oktoc Creek, Noxubee National Wildlife Refuge
(Noxubee NWR) (Table C.1) (Figure C.1). I conducted backpack electrofishing using
pulsed direct current. I used a single Smith-Root LR-24 backpack electrofisher unit
(Smith-Root, Vancouver, WA). Pulse frequencies were variable due to low
conductivities, but I set the pulse frequencies between 30 and 60 pulses/s based on
conductivity, with a duty cycle ranging from 30% to 45%. Electrofishing crews consisted
of two personnel, one operator and one netter. Both members were equipped with a dip
net for fish extraction when fish displayed signs of taxis. We identified fish to species
level and returned them to the stream. Fish that could not be identified in the field were
preserved in formalin and transported back to Mississippi State University for
identification.

Results and Discussion
Electrofishing for Juvenile Paddlefish
No juvenile Paddlefish were detected through active backpack electroshocking
during fall-winter sampling 2016 despite 3,332 minutes of shocking effort (Table C.2).
Although I did not capture any Paddlefish, I documented several fish species (Table C.3).
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Reaches were typically characterized by heterogeneous habitat types consisting of pools,
riffles, and runs. Substrate was variable but a mixture of clay and silt dominated the
stream bottom. Fall-winter sampling in 2016 took place during base, or low-flow,
periods, defined as the sustained flow of a stream in the absence of direct runoff (USGS
2017). Many counties within Mississippi were under a drought warning, indexed as
extreme to severe (NOAA 2016a; 2016b).
If present, I expected young Paddlefish to be abundant in pools along Oktoc
Creek as they are most closely related to oxbow lakes and proximal to aggregations of
paddlefish in the spillway. Hoxmeier and Devries (1997) suggested young Paddlefish
showed strong preference for oxbow habitats over main channels, backwater habitats, and
side channels, which was likely a factor of zooplankton abundance. While it is assumed
that adult Paddlefish use an advanced network of electro-receptors to seek zooplankton
colonies, juvenile Paddlefish selectively feed on individual zooplanktors (Wilkens et al.
2001; Kozfkay and Scarnecchia 2002). Because sampling took place during the fall and
winter drought period, 2016, flow in the thalweg was limited. Although I did not measure
zooplankton abundance if juvenile Paddlefish were present, I would expect to have found
them in pools.
Due to the low conductance of water throughout Noxubee NWR, including Oktoc
Creek, the backpack shocker was unable to achieve the power output needed for shocking
to elicit electronarcosis. Often, fish were able to pass through the electric field or the
backpack shocker would overload. This effect was exacerbated as the volume of water
increased, such as in deeper stream segments and pools. Although young Paddlefish may
be particularly sensitive to electric fields (Henry et al. 2004), I did not identify any
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Paddlefish moving out of the electric field. Under the presumption that juvenile
Paddlefish had evaded the field, identification would have been obvious at their expected
sizes. I was also able to collect several fish that ensured shocking was effective.
During the months of September through December, Noxubee NWR received
little precipitation, resulting in near base-flow conditions during the time of sampling.
Base-flow conditions coupled with high air temperatures tend to result in high water
temperatures in non-spring fed systems (Minnesota Pollution Control Agency 2008).
Warmer water is less oxygenated, which makes wetted areas throughout Noxubee NWR
particularly susceptible to oxygen depletion during summer and fall months. Due to the
high respiratory demand of Paddlefish, they are particularly sensitive to hypoxic
conditions (Aboagye and Allen 2013). During low-flow periods, dissolved oxygen in
portions of Oktoc Creek may become hypoxic, making the channel and adjacent habitats,
such as Halbert Lake potentially uninhabitable by juvenile Paddlefish (Aboagye and
Allen 2012). It is possible that juvenile Paddlefish were present during my sampling but
not captured.
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Tables
Table C.1

GPS coordinates for backpack electrofishing sites for Paddlefish Polyodon
spathula along Oktoc Creek, Noxubee National Wildlife Refuge,
Brooksville, MS.
Site number
1

Coordinates
Latitude
Longitude
33.274533
-88.7631833

Sample date
11/18/16
07/27/17
2
33.273100
-88.7697167
10/28/16
07/12/17
3
33.273350
-88.7739000
11/07/16
07/11/17
4
33.274133
-88.7768000
07/13/17
5
33.266183
-88.7525333
12/13/16
07/19/17
6
33.263867
-88.7466833
12/02/16
07/20/17
7
33.266150
-88.7407167
11/11/16
07/14/17
8
33.263600
-88.7323000
11/04/16
07/21/17
9
33.261617
-88.7261000
12/12/16
07/26/17
10
33.256550
-88.7219833
11/12/16
07/25/17
Sites (n=10) were selected at random and corresponded with sites used to evaluate
Paddlefish passage.
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Table C.2

Electrofishing effort and water quality metrics from single pass backpack
electrofishing conducted along Oktoc Creek, Noxubee National Wildlife
Refuge, Brooksville, MS

Site Name Seconds Distance
1
3340
100
2
3064
100
3
3154
100
5
6
1931
100
7
2803
100
8
2909
100
9
10
2714
100
Data could not be recorded at all sites.

Temp
15.6
21.1
24.2

Conductivity
70
60
70

8.8
NA
19.5

70
NA
80

14

70
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Date
11/18/2016
10/28/2016
11/07/2016
12/13/2016
12/02/2016
11/03/2016
11/04/2016
12/12/2016
11/12/2016

Table C.3

Species caught during backpack electrofishing along Oktoc Creek,
Noxubee National Wildlife Refuge, Brooksville, MS.

Family
Common Name
Aphredoderidae Pirate Perch
Centrachidae
Bluegill
Longear Sunfish
Rockbass
Warmouth
Pumpkinseed
Largemouth Bass
Clupeidae
Gizzard Shad
Cyprinidae
Bullhead Minnow
Striped Shiner
Spottail Shiner
Fundulidae
Blackspotted Topminnow
Topminnow spp.
Blackstripe Topminnow
Ictaluridae
Channel Catfish
Flathead Catfish
Madtom spp
Lepisosteidae
Longnose Gar
Percidae
Darter spp
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Scientific Name
Aphredoderus sayanus
Lepomis macrochirus
Lepomis megalotis
Amploplites rupestris
Lepomis gulosus
Lepomis gibbosus
Micropterus salmoides
Dorosoma cepedianum
Pimephales vigilax
Luxilus chrysocephalus
Notropis hudsonius
Fundulus olivaceus
Fundulus spp
Fundulus notatus
Ictalurus punctatus
Pylodictis olivaris
Notorus spp.
Lepisosteus osseus
Etheostoma spp.

Count
15
95
24
4
5
0
6
1
78
41
98
9
3
8
34
3
9
4
23

Figures

Figure C.1

Backpack electrofishing sites for Paddlefish Polyodon spathula along
Oktoc Creek, Noxubee National Wildlife Refuge, Brooksville, MS.

Sites (n=10) were selected at random and corresponded with sites used to evaluate
Paddlefish passage.
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APPENDIX D
SPECIES BYCATCH FROM GILL NET SAMPLING
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Table D.1

Species bycatch during gill net sampling for Paddlefish Polyodon spathula
below the Bluff Lake water control structure, Noxubee National Wildlife
Refuge, Brooksville, MS.

Family
Catostomidae
Clupeidae
Cyprinidae
Ictaluridae

Common Name
Smallmouth Buffalo
Gizzard Shad
Common Carp
Flathead Catfish
Blue Catfish
Lepisosteidae Longnose Gar
Spotted Gar
Gar spp
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Scientific Name
Ictiobus bubalus
Dorosoma cepedianum
Cyprinus carpio
Pylodictis olivaris
Ictalurus furcatus
Lepisosteus osseus
Lepisosteus oculatus
Lepisosteus

Count
4
1
1
15
1
2
1
25

APPENDIX E
ABDOMINAL BIOPSY EGG SAMPLE METADATA
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Table E.1

Egg sample
ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Abdominal biopsy metadata for Paddlefish Polyodon spathula caught
below the Bluff Lake water control structure, Noxubee National Wildlife
Refuge, Brooksville, MS.
PIT tag
number
1005085827
226000207223
1005085804
226000207291
1005085871
1005085876
1005085871
1005085871
1005085867
1005085849
1005085869
1005085831
226000207274
1005085901
1005085834
1005085891
226000207274
1005085865
1005085849
1005085842

Eye-to-fork
length (mm)
994.00
1067.00
938.21
898.53
963.61
950.91
963.61
971.55
876.30
973.14
901.70
889.00
1000.12
857.25
927.10
971.55
1008.06
965.20
974.73
996.95
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Collection
date
01/05/18
01/05/18
01/05/18
01/05/18
01/12/18
01/12/18
01/12/18
01/13/18
01/13/18
01/15/18
01/15/18
01/15/18
01/15/18
01/25/18
02/02/18
02/16/18
02/16/18
02/22/18
02/22/18
02/22/18

APPENDIX F
PROBABILITY OF TAG LOSS
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Table F.1

Probability of tag loss for Paddlefish Polyodon spathula captured below the
Bluff Lake water control structure, Noxubee National Wildlife Refuge,
Brooksville, MS.

PIT
Floy
Acoustic
Total tags lost
1
16
8
Total tags inspected
117
70
33
Probability of loss
0.0086 0.2286
0.2424
Assessing tag loss was done following capture during gill net sampling. Sources of loss
for acoustic tags may be transmitter shed or transmitter failure. Floy and acoustic tag loss
were assessed by PIT tag number given their high retention. This method does not
account for the duration of time between marking and recapture periods.
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